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For ﬁve decades, the Society has been at the forefront of the planning
debate in search of better and more responsive ways of dealing with the
challenges of urban and spatial development. ISOCARP has always believed that creating and sharing knowledge, experience and expertise
with all, regardless of geography, ideology or level of development, is
very much needed to make cities and regions more livable, socially inclusive, better integrated and connected. The ﬁve decades of ISOCARP’s
international involvement testify to the strength of our commitment
and to our contribution to its achievement on a global scale.
The dynamics of planning transformation have been exceptionally intensive over the last two decades, mostly because of processes such as
globalization, the recognition of sustainability as an over-arching philosophy of development, advances in technology and communication,
and in response to climate and energy challenges. No less relevant are
social issues, including new dimensions of urban democracy and recognition of the role played by a civil society. The changing reality affects the
way planners work and encroaches on the very meaning of the profession itself, its instruments and procedures, as well as that way planning
solutions are conceived, developed and implemented.
This year’s Congress, with its theme “Cities Save the World: Let’s Reinvent Planning”, reﬂects ISOCARP’s views on the status quo of the planning profession and objectives for its further development. The Congress
gathers planners, architects, policy makers, urban managers and all those
who are involved in place-making to explore new professional perspectives by concentrating on critical issues ranging from carbon cities, building cities in a cooperative way, developing trans-boundary systems and
sustainable knowledge regions to hyper-dynamic age and the changing
frontiers of planning.
Review 11 is all about reinventing planning and developing new insights
into future city and spatial planning. Many authors contributed to present
a fresh look at this topic, one that is responsive to contemporary and future challenges. Ying Long and Lun Liu presented their research using
big/open data to quantify urban dynamics in China. Brad Stelfox, Michael
Quinn and Matt Carlson contributed a case about a computer modeling-based planning tool for assessing the cumulative impacts of alternative futures for the Calgary Region of Western Canada. Khalid Saeed’s
paper revisits Urban Dynamics and establishes its continued relevance
for modeling and testing planning and economic policies. The results of
implementing the energy recycling techniques in Turpan Solar City are
attention grabbing as presented in the paper of Hong Wei and Yujin Hui,
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and the cooperative public private planning and development experience
from Philadelphia’s University City by Anthony Sorrentino. Meeting the
climate change challenges is explored and presented by Ebru Gencer, Ric
Stephens and Erik Johanson. Elizabeth Reynolds’ paper proposes innovative measures for urban agriculture, while Belinda Yuen and Kallidaikurichi Seetharam brought in an illustration of the emerging role of planners
in building age-friendly cities in Singapore and Japan. Tao Yang’s article
speaks about using Space Syntax as a computer tool for planning.
A research team from the U.S. Department of Energy, Argonne National Laboratories, presents a program to design and test alternative
city conﬁgurations. Jiangyan Wang and Meng Fei, and Zhigao Wang provided fascinating urban design examples from their countries. Stefan Anderberg reports on the development of Sweden’s Vastra Hamnen. And
lastly, Kongjian Yu provides an alternative plan for Beijing.
Preparing this publication has taken a tremendous amount of time
and effort. To all who contributed, I would like to extend my very warm
thanks: to the authors for generously sharing their knowledge and experience, to the editors James Reilly and Frances M. Klass, for their continuing dedication, patience and wise guidance in working with colleagues
from around the world, and to Lucian Perici who coordinated the production of this publication. My special thanks go to Shi Nan, Vice President of ISOCARP, who devotedly worked with the whole team. Gratitude
also goes to the designer, Ricardo Moura, whose designs made reading
this book a more enjoyable experience. Finally, I would like to extend sincere appreciation to The Ministry of Infrastructure and Environment, The
Netherlands, and to the City of Rotterdam. Without their generous help,
this publication would not have been possible.
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TIMES ARE CHANGING
“Seen from a spaceship, our planet also looks like a spaceship surrounded
with nothing than emptiness, without any form of life. We understand
that we have to do live together with this planet as our only option. “
Wubbo Ockels, the ﬁrst Dutch astronaut

Martin Aarts
Senior advisor urban
development Rotterdam

We are facing a new world order. Because of the growth of China, India,
Africa and South America, the supremacy of the so-called western
world has come to an end.
We are all living in one world, and we all have to deal with the effects
of climate change and shortages of food, water and energy, as well as
economic crises.
At the same time, the existence of a network society, where the
widespread use of the internet, PCs, smart phones, and cloud-based
computing has led to better access to information, increased globalization, the empowerment of citizens and the democratization of decision making in the form of multilateralism. At the same time, much more
detailed data and information on cities, especially real-time information coming from sensors, smart phones, smart meters and GPS tracking, has become available to assist us to prepare better plans. (Castells
1996, 2013, Rifkin, 2012)
Cities are the motor of innovation, and innovation is the driving force
behind economic growth. However, it is not a matter of business as
usual, but rather of adapting the new reality to our economic system.
So in the present age of globalisation, our cities are under heavy pressure to undertake drastic urban transformation. Cities (city regions)
have to take responsibility for unprecedented transformation of their
environment, because they can easily become less relevant if they don’t
adapt to the new situation. At the same time that we are in an economic
transformation mode, we should transform our planning system. Instead
of planning items like houses, roads, schools and other sectorial things,
we should plan challenging, inspiring and comfortable cities to create an
inclusive city and attract talent.
The vision of all cities is always to foster a strong economy, a good
quality of life and a nice quality of space. Today I would like to alter that
vision with the adjective “sustainable.” We should plan a sustainable
economy, a sustainable quality of life and a sustainable quality of space.
But that is not enough. We should add the inhabitants as the starting
point for developing the future of our cities. As Jane Jacobs already said
in 1973 (Economy of cities): “In successful cities, everything is about
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people who challenge, compete and stimulate each other so that innovation can come about.” We need to move forward from there.
The challenges for Rotterdam are enormous, because we are in the
middle of all these kinds of transitions. We see, for example, a vulnerable
harbour and inner city. Rotterdam might be the only city in Holland were
the inhabitants are really excited about change, but we had to change
the culture in city policy to engender the excitement. The question we
asked ourselves was: “How should Rotterdam act to be resilient in this
new era? Knowing that human capital is the essential for a resilient city
and inner cities are playing a leading role for an attractive city?”
Research teaches us that densiﬁcation in the inner city will only lead
to a resilient city if the people themselves will hold a central position.
They like densiﬁcation, combined with pleasant green surroundings.
Our assessment showed that increasing densiﬁcation, and at the same
time making a huge investment in public space, will result in a more
sustainable city. There will be more bicycles and pedestrians and less car
use, saving the cost of new public transport facilities. At the same time,
it indicates a strong increase in jobs, so densiﬁcation is also a necessary
way for a resilient future of our city.
The other very challenging example, an input from our workshop, was
to recognize the vulnerability of our harbour, which is highly reliant on
the oil and chemical industry. To remain the smartest port in Europe, the
port must continue to be highly innovative. We also recognized that the
port is a magnet for more than 5000 port-related businesses and companies. This leads to a strong network of clients, port-related companies, consultants, knowledge institutes and employees based in the city.
For the future, we need to acknowledge that only by operating as one
system we can reach our goal to stay a resilient port city.
Does a new era of port city development mean unprecedented portcity synergy?
∙ Link the economic networks of the port and the city together
∙ Develop the quality of life that is required for a new economic development strategy
∙ Develop a new waterfront redevelopment strategy based on a fusion of port and city
∙ Make use of the river as a crucial element in the spatial-economic
development strategy, as port landscape and recreation together
∙ There is no way around it. We have to communicate the fact that
the near future will look completely different than what we could
possibly imagine. We need great leadership and the support and
cooperation of society, which is crucial as we enter this fascinating
but unknown era.
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DUTCH MINISTER OF INFRASTRUCTURE
AND THE ENVIRONMENT FOREWORD
YEAR OF SPATIAL PLANNING
Melanie Schultz van Haegen
Minister of Infrastructure and the
Environment, the Netherlands

I am proud that the Netherlands is hosting ISOCARP’s 50th anniversary
congress. Spatial planners from over 80 countries are coming together to share knowledge and gather new ideas that will help address today’s challenges. Fittingly, this is happening in a year that our country
has designated as the ‘Year of Spatial Planning’. A year in which we are
throwing the spotlight on issues facing your country and ours: growing
urbanisation, climate change, rising sea levels and pressure on our living environment.

How does the Netherlands see these issues?
I want to focus on two of our goals: space for innovation and space for
development. Technological advances enable us to use limited space and
time more efﬁciently and improve our accessibility. In the Netherlands
we are currently carrying out initial trials with self-driving cars, experimenting with trafﬁc management drones and conducting large-scale pilots with new forms of trafﬁc management, in Amsterdam for example.
The Netherlands wants to be an international testing ground for new
innovations. But that means we also have to look at the spatial effects:
will we still need parking on every street in the future? Can we improve
the way we use urban spaces, for collecting and draining water for example? It is important to combine different functions in a small area, especially in a country like the Netherlands.
My second goal is to make this easier by streamlining legislation. Flexible use of our space is being hampered by too many fragmented laws.
That is why we are carrying out the biggest legislative review in a hundred years. This year has seen the launch of a single Environment and
Planning Act to replace dozens of separate laws and regulations. This will
give more scope to regional and local government, businesses, citizens
and spatial planners. We will be taking a bottom-up approach to developing the Netherlands.
Innovations in our country and in yours require a great deal of
knowledge and brainpower. So I am pleased that spatial planners from
all over the world have shared their insights in the pages that follow. I
hope you will enjoy reading about them.

8
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The terriﬁc news is that planning is being reinvented as you read these
words. If our articles are an indication of the future, then rapid change
in the profession will continue as academics, researchers and practicing professionals develop new ways to analyze problems and visualize opportunities.
To collect the articles in this publication we cast a wide net for examples of how planning was being reinvented. We wanted to know how
educators and others thought the role for planners might change. We
were interested to discover planning applications using: new statistical
methods to examine space; new GIS methods; new remote sensing capabilities; and internet features and services. We looked for projects
that used new implementation methods. And we sought stories about
innovative city plans.
Presented in this edition of the ISOCARP Review are 14 articles that
provide a snapshot into the future of planning. We have organized these
articles into three themes: new technologies and techniques; emerging
issues; and exemplary, forward-looking city plans.
In the section about new technologies and techniques, we present
two articles that demonstrate how systems dynamics can be applied to
planning policy analysis. The ﬁrst offers a sophisticated simulation of alternative growth scenarios and evaluates their impact on the Calgary
(Canada) region. The second re-examines the famous case of Urban
Dynamics, a computer simulation of US Federal urban polices applied to
Boston (USA) in the 1960’s, and establishes its contemporary use as an
urban development tool. Next, we have an article that displays a computer simulation of a proposed 600 acre urban development near Chicago (USA). This program enables designers to simulate alternative site
conﬁgurations and to test them for both energy and transportation impacts. The fourth article provides examples of Space Syntax, a computer application that uses classical and spatial statistics analysis, among
other analytical tools, to understand how places are organized by past
development, thereby enabling planners to use this information to plan
new growth. From China, we present examples of using big data and
internet-enabled techniques to collect planning data sets that enable
the understanding of urban form and function. Last is an article documenting the development of an experimental solar-powered city near
Urumqi (China).
Just as important as new technology are planning efforts addressing
new issues which will affect plans into the future. We present an article
about climate change that deﬁnes what it is, identiﬁes some sources of
information about this issue and ﬁnally offers a real-world engineered
case study of adaptation. Next is a discussion of the suitability of cit-
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ies for agriculture, the beneﬁts of urban agricultural development and
a comparative summary of these efforts in London and New York City.
Finally, there is an article that describes the growing elderly populations
in Asia and some of the societal and economic problems this demographic imbalance presents. It also describes the efforts in Japan and
Singapore to modify city plans as a result of this issue.
In our ﬁnal section, we have included articles about exemplary city
plans that may inﬂuence other future developments. The ﬁrst documents the development of a new satellite town near Kunming (China).
It demonstrates the use of design principles to shape urban growth
and using rapid rail to link this new development to the older city. The
second is a story about efforts to enhance the quality of life in Chongqing (China). This plan emphasizes the revitalization of public spaces and
the development of pedestrian and bike-friendly capacity along major
movement corridors in the city. The third article is a story from Philadelphia (USA) about mobilizing private institutional self-interest and ﬁnancial resources to achieve successful urban revitalization after traditional urban renewal efforts produced serious social concerns. It is noteworthy both for the complexity of the development mechanisms and
its reliance on private funding. The fourth article describes the effort in
Malmo (Sweden) to transform an abandoned shipyard into a new town
ﬁlled with experimental, environmentally friendly buildings and activities. This project is currently revitalizing the older urban area. We end
with a visionary city design for Beijing (China) driven entirely by environmental concerns.
We are again deeply indebted to all of the authors and agencies for
generously contributing their time and talent to prepare these articles.
Ultimately, the authors and their agencies are the stars of this publication. We would also like to acknowledge the wonderful assistance provided the System Dynamics Society, the ISOCARP headquarters staff,
members of the ISOCARP 51st Congress Local Organizing Committee
and the Netherland Ministry of Infrastructure and the Environment.
We hope that readers ﬁnd these articles to be interesting and ﬁlled
with ideas. Reading these articles reminds us of the importance of the
work of planners and how truly interesting our profession is. As always, the editors and design professionals who produced this document
aimed to provide a visually and intellectually rewarding publication for
our readers. We hope we have succeeded.
Finally, we encourage your suggestions, comments and (even) your
criticisms regarding this publication. We invite readers to recommend
ideas and projects that would make suitable articles for future editions
of the Review. Your suggestions should be sent to isocarp@isocarp.org
and marked to the attention of the Review Editors.

10
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EXPLORING CUMULATIVE EFFECTS OF
REGIONAL URBAN GROWTH STRATEGIES
A PLANNING SCENARIO CASE STUDY FROM
THE CALGARY REGION OF WESTERN CANADA
MATT CARLSON · MICHAEL QUINN · BRAD STELFOX

Downtown Calgary. Source: authors
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INTRODUCTION
Tyranny of Small Decisions
and Cumulative Effects
Fifty years ago, economist Alfred Kahn (1966)
introduced a concept that he called the ‘tyranny
of small decisions’. Kahn noted that signiﬁcant
changes in the economy were the result of small
decisions - “small in their individual size, time
perspective, and in relation to their total, combined, ultimate effect.” Ecologist William Odum
(1982) noted similar effects in the environment
and concluded “much of the current confusion
and distress surrounding environmental issues
can be traced to decisions that were never consciously made, but simply resulted from a series of
small decisions.” The result of these observations
is that the physical form and socioeconomic consequences of regional landscape patterns arise
more by default than intentional design.
Today we refer to these phenomena as ‘cumulative effects’ (Weber et al. 2012). The results of
individual decisions accumulate across time and
space both additively (e.g., 1 ha subdivision + 1
ha subdivision = 2 ha subdivision) and synergistically (e.g., 1 ha subdivision + 1 ha subdivision =
2 ha subdivision & an increase of CO2 emissions
that interact with other emissions to exacerbate
climate change). Adding to the complexity of municipal development is that it rarely occurs in isolation, but rather in combination with other changes
such as natural resource development and natural
disturbances. The challenge here is that decision
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making often occurs in isolated jurisdictional silos
with little communication between sectors. Changes in the physical landscape have signiﬁcant
ripple effects on social, ecological and economic
conditions. Cumulative effects arise through the
complexity and ‘wickedness’ of these interacting
social-ecological systems (Game et al. 2014).
The form and function of any large city or region is a concrete expression of cumulative effects.
The urban and regional planning consequences of
multiple, autonomous decisions over space and
time can (and often do) lead to a degradation of
social, economic and environmental health. Faced
with immense complexity, urban and regional
planners require new approaches and tools to
understand and better address cumulative effects
of municipal development and other land use.
New and emerging technologies have a critical
role to play in assisting this broader dialogue toward holistic and integrative planning.

Modelling and Scenario Analyses
Planning in the face of cumulative effects is made
challenging by complexity as well as uncertainty
arising from knowledge gaps and contingency
on unpredictable drivers (Peterson et al. 2003).
These challenges make accurate prediction infeasible and related planning frameworks, such
as optimal decision making, ill-suited to land-use
planning. Instead, planning should assess the
consequences of multiple possible futures that
incorporate plausible but contrasting assump-

15

MATT CARLSON · MICHAEL QUINN · BRAD STELFOX

tions for drivers such as land use. A promising
approach to address cumulative effects is the use
of robust spatial scenario analysis to explore the
potential interaction of decisions over time and
space (Mahmoud et al. 2009, Weber et al., 2012).
Beneﬁts of scenario analysis include revealing implications of existing policies, identifying drivers
that require attention, and illustrating the likely
consequences of alternative land-use strategies
(Shahumyan et al. 2014). Scenario approaches
also allow planners to test the assumptions made
in making development decisions through retrospective analysis.
By embracing the complexity of cumulative
effects, scenario analysis can inform land-use
decisions through understanding the trade-offs
among environmental and socioeconomic objectives. However, assessing the consequences of
overlapping human activities on diverse indicators
is itself a complicated undertaking. Doing so is facilitated by the use of computer simulation models
that apply mathematical relationships to dynamically articulate the implications of multiple overlapping drivers on future conditions. Modelling
and scenario approaches can provide compelling
evidence to support policy, planning and management decision making (Shahumyan et al. 2014).
In this paper we report on the results of a simulation modeling exercise using ALCES (A Landscape Cumulative Effects Simulator; www.alces.
ca) to explore the cumulative effects of alternative
growth strategies in the Calgary region of western
Canada.

The Calgary Region
The City of Calgary lies east of the Rocky Mountains in western Canada. It is a relatively young
and rapidly growing city. The greater region is
currently home to approximately 1.2 million
people and it is projected that the population will
more than double in the next 60 years (Calgary
Regional Partnership 2015). Economically, the
region is a major driver of the national economy
and is the corporate headquarters to Canada’s
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oil and gas sector. Ecologically, the area is characterized by high amenity value in a semi-arid
transition zone between the Rocky Mountains
and the prairies. From the perspective of numerous societal indicators, the Calgary region is a
diverse, vibrant, and rapidly evolving matrix of
metropolitan centre (Calgary) and surrounding
communities.
The Calgary Regional Partnership (CRP) is a
voluntary collaborative regional network (the only
one of its kind in Canada) of 13 municipalities
working together to ensure growth occurs in a sustainable manner (Calgary Regional Partnership
2014a). The CRP takes a proactive approach to
planning and is committed to employing innovative tools to assist in decision-making. The CRP
developed the Calgary Metropolitan Plan in 2009
(updated in 2012 & 2014) to serve as a roadmap
to determine how and where growth will occur in a
manner that protects the diverse values of the region (Calgary Regional Partnership 2014b). The
plan reﬂects the key principles of the CRP:
∙ Protecting the natural environment and
watershed;
∙ Fostering the region’s economic vitality;
∙ Accommodating growth in more compact
settlement patterns;
∙ Integrating efﬁcient regional infrastructure
systems;
∙ Supported through a regional governance
approach.
The CRP also developed a set of indicators to
track progress on each of the key principles (Calgary Regional Partnership 2015c). The scenarios
and modelling that we outline below are meant to
assist planners in assessing the implications of the
Calgary Metropolitan Plan on the distribution and
density of human activity and indicators related to
key CRP principles. The process of using the tool
and considering the outcomes also serves as way
to facilitate greater discussion between municipal
planning and other land users (e.g., agriculture, oil
& gas, energy transmission and forestry).
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Figure 1: Context map of Calgary region
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Figure 2: Historical growth of Calgary, and examples of suburban
and rural residential developments in the region.
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APPROACH
ALCES Land-use Simulation Toolkit
The long-term (50 year) consequences of development in the Calgary region were simulated using the ALCES land-use simulation toolkit.
The toolkit has been used extensively to inform
planning in Alberta (e.g., Carlson et al. 2010), as
well as elsewhere in Canada, Australia, South
America, and India. To achieve a holistic perspective, ALCES incorporates a wide-range of
land uses and ecological processes as drivers.
Each driver is parameterized in the model by deﬁning its growth rate and spatial distribution and
the intensity of associated footprints (urban
areas, rural residential, roads, industrial features,
farmland, cutblocks, burns). Deﬁning these assumptions requires integration of information
from disparate sources including management
plans, historical data, projections, current landscape patterns, and resource inventories.
ALCES adopts a spatially explicit, cell-based
simulation framework that allows individual
cells to contain multiple natural and anthropogenic cover types. ALCES is not a predictive
model, but instead projects the future outcomes of user-deﬁned scenarios. Although
the precise future is unknowable and can not
be computed by any modeling approach, exploration of the logical consequences of plausible but contrasting land-use scenarios allows
for better identiﬁcation of management strategies that are consistent with objectives.

Modelling Scenarios for
the Calgary Region
Comprehensive assessment of the Calgary
region required simulation of rural and municipal residential development as well as other
inﬂuential land uses (agriculture, energy, forestry, transportation) and natural disturbances such as wildﬁre. The current composition of each cell was calculated from spatial
land cover and development ‘footprint’ in-
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ventories. Cell size was set at 0.25 km2 to
balance spatial detail with strategic regional
perspective. To simulate change in the composition of cells through time, regional landuse and reclamation trajectories were spatially allocated at an annual time step according
to the expected spatial distribution of each
activity. Although the scenario outcomes are
calculated annually, due to space limitations,
we only report the 50 year trajectory in the
current paper.
Outcomes for two municipal development
scenarios are presented in this report: business as usual (BAU) and Calgary Metropolitan Plan (CMP). Both scenarios incorporate
the same CRP-endorsed population trajectory, increasing from 1.5 million to 2.8 million
over 50 years with most (93%) growth occurring in urban municipalities. The scenarios
differed, however, with respect to how population growth was spatially accommodated.
The BAU scenario applied a municipal development model consistent with the spatial
distribution of population growth that has occurred in recent decades. Population expansion in urban municipalities occurred in new
suburbs that supported the current regional
average urban population density (27 people/
km2) and were located at the periphery of
towns. Rural population growth occurred in
new acreages whose location was based on
key determinants of acreage development to
date, including driving distance to Calgary and
the accessibility of mountain views and recreational activities.
In the CMP scenario we implemented strategies set forth in the Calgary Metropolitan
Plan and other municipal planning documents
to shift to a more compact development
form. Densiﬁcation of existing residential footprint accommodated 25% of population growth, except in Calgary where densiﬁcation gradually increased to 50% as per the
Calgary Municipal Development Plan. The
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Calgary Metropolitan Plan Principle

Indicator
Phosphorous, nitrogen, and sediment runoff
Water use relative to licensed diversions

Phosphorous, nitrogen, and sediment runoff

Anthropogenic footprint area and edge
Ecological connectivity index
Biotic carbon storage
Wetland area
Population density

Population density

Settlement footprint
Human health
Farmland area

Infrastructure construction cost

Infrastructure construction cost

Table 1: Indicators and Corresponding Calgary Metropolitan Plan Principles Selected for Scenario Modeling
(Note – the current paper reports on a representative subset of this list)

location of densiﬁcation followed municipal
plans and was also inﬂuenced by the availability of redevelopment opportunities. Population growth not accommodated through densiﬁcation occurred in new developments that
adopted proposed minimum density standards (60 and 30 people/km2 in urban and
rural areas, respectively) and were located in
priority urban development areas and rural
development nodes.

Reporting on Indicators
In consultation with the CRP, a variety of social, environmental, and economic indicators
were selected for the analysis to link with CMP
principles. The full list of indicators included in the scenario analysis is provided in Table
1. In this paper we report on a subset of indicators to illustrate the utility of the approach:
anthropogenic footprint, ecological connectivity, nutrient runoff, infrastructure construction
cost, and human health.
Ecological connectivity (Quinn et al. 2014)
was derived from percolation theory and leastcost distance methods to assess how expanding anthropogenic footprint affected permeability among remnant natural areas. The effect of land use to water quality was assessed
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by calculating nutrient (phosphorous) runoff,
using coefﬁcients (kg/km2/year) derived for
the region’s natural and anthropogenic cover types (Donahue 2013). Anthropogenic features such as municipal footprint tend to have
higher rates of runoff, and elevated nutrient
runoff can contribute to eutrophication, as well
as water treatment cost (ALCES Group, 2014).
The cost of elevated nutrient runoff was estimated by applying cost coefﬁcients for their
removal at a water treatment facility ($25.45/
kg phosphorous; ALCES Group 2014). To consider economic consequences of municipal
development pattern, construction costs for
road, water, and sewer were calculated using
cost coefﬁcients ($/km2/year) derived previously for the region (IBI Group 2009). Reduced
risk to individuals of being overweight or obese
in response of densiﬁcation was calculated
using a relationship derived from health and
population data from 33 cities across Canada.
While approximate, the relationship is consistent with numerous studies (e.g., Booth et
al. 2005) that have found a positive association between population density and human
health due to elevated physical activity and
walkability.
Simulation outcomes were disseminated to
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Basecase - 2014

Business-as-Usual - 2064

Calgary Metropolitan Plan - 2064

Figure 3: Development footprint
by growth alternative.
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the Calgary Regional Partnership using ALCES Online, a user-friendly web application for
visualization, customization, and comparison
of land-use simulations. A common deﬁciency of previous land-use simulation models is
that their complexity limits their use to a small
group of experts. As a result, the full potential of simulation modeling is often constrained
where it matters the most: informing those responsible for making land-use decisions. ALCES Online addresses this limitation by enhancing the accessibility of scenario analysis to
planners (Carlson et al. 2014). Maps of indicator outcomes that are included in this article
were copied from the ALCES Online interface.

RESULTS
The Development Footprint
Town and rural residential footprint currently
cover 3.1% and 2.4% of the region, respectively,
and town industrial areas account for another
0.3%. The combined 1,015 km2 covered by
these features makes settlement footprint the
second most abundant anthropogenic feature
in the region behind farmland. Land currently
occupied by urban and rural footprint reﬂects
a historical landscape transformation from native grasslands, forests and wetland communities. In the BAU scenario, settlement footprint
increased by 670 km2 to accommodate population growth (Figure 3). Settlement expansion was greatest at the periphery of Calgary
and the surrounding rural area, and exceeded
the more dispersed growth of footprints associated with forestry and energy development. As a result, loss of farmland (527 km2),
grassland (179 km2), and wetland (15 km2) was
greatest in the central portion of the region.
The CMP scenario required 53% less development of new town and rural residential footprint, such that 298 km2 of farmland, 110 km2
of grassland, and 8 km2 of wetland were conserved relative to the BAU scenario.
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Economic, Social
and Ecological Implications
Town and rural residential growth in the BAU
scenario had negative long-term economic
and environmental consequences. Construction of new road, water, and sewer infrastructure to service the new developments was
estimated to cost $26.3 billion over 50 years
(Figure 4). As well, connectivity between
patches of relatively intact natural cover was
reduced, indicating that ecological ﬂows are
likely to become increasingly inhibited, especially in the central portion of the study area
around Calgary (Figures 5 & 6). Although further research is required to determine speciﬁc
impacts, implications of diminished ecological connectivity could include reduced linkage
of wildlife meta-populations and interruption of ecological processes such as hydrological ﬂow. Another environmental impact of
the BAU scenario was degraded water quality
due to elevated nutrient runoff. By the end
of the simulation, annual phosphorous runoff
increased by 87.7 tonnes compared to today
with much of the elevated runoff occurring
around Calgary (Figure 7).
By constraining new settlement footprint to
priority growth areas and rural development
nodes, the CRP scenario avoided much of the
environmental and economic cost associated
with the BAU scenario. Over the course of the
simulation, the CMP scenario avoided 2,266
tonnes of phosphorous runoff relative to BAU
(Figure 7), achieving an estimated $58 million in water treatment cost savings over 50
years. More impressive is the estimated $18.4
billion saved over the 50 year simulation due
to reduced road, water, and sewer construction needs (Figure 4). Another beneﬁt of the
CMP scenario is that ecological connectivity
was better maintained in the central portion
of the study area around Calgary (Figure 6).
Connectivity cannot be expressed as a single
metric, but the maps illustrate a critical loss
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Business-as-Usual - 2064

Calgary Metropolitan Plan- 2064

Figure 4: Infrastructure construction cost by growth alternative.
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Figure 5: Ecological connectivity by growth alternative. Higher levels
of connectivity occur in areas with lower footprint (i.e., low impedence).
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Basecase - 2014

Business-as-Usual - 2064

Calgary Metropolitan Plan - 2064

Figure 6: Ecological connectivity in the vicinity of the City of
Calgary, by growth alternative (upper two maps), and ecological
ﬂow difference (bottom map) demonstrating the improvement
in connectivity achieved by the CMP scenario.
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Figure 7: Phosphorous Flows by growth alternative
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Calgary Metropolitan Plan - 2064

Figure 8: Reduction in risk of being overweight or obese as achieved
through population densiﬁcation of existing urban areas.

of potential ecological ﬂows around the city.
The effect is a long-term ecological isolation
of the central urban area from the surrounding
region. In effect, the BAU scenario shows that
the city becomes a ‘plug’ in the regional ﬂow
of ecological goods and services.
It is important to note, however, that ecological connectivity still declined and nutrient
runoff still increased in the CMP scenario relative to today, in part due to the impacts of forestry and energy development. The cumulative effects of multiple land uses underscores
the importance of minimizing each sector’s impact (e.g., by constraining settlement expansion), by adopting best management practices,
and coordinating planning across sectors to ensure that conservation efforts from one sector
are not negated by the impacts of others.
Hand in hand with the contrasting settlement expansion patterns are differences in
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population density. The extensive suburban
and acreage developments of the BAU scenario served to create large areas of low population density. A growing body of research
has identiﬁed several negative social consequences of low population density, including lower neighbourhood walkability leading to reduced physical activity and degraded
human health. Constraining settlement footprint expansion in the CMP scenario not only
curtailed negative environmental and economic impacts, it also improved the performance of social indicators by increasing population density relative to today. As an example,
population densiﬁcation within existing town
footprint was estimated to reduce risk of being overweight or obese relative to today. The
largest reductions occurred within Calgary’s
downtown core, where opportunities for redevelopment are greatest (Figure 8).
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Figure 9: Calgary – city view.
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CONCLUSIONS
A key challenge facing planners in rapidly changing cities and regions is selection of
development patterns that promote collective beneﬁts and reduce risks to a broad suite
of social, economic, and environmental values. The challenge is complex, but the implementation of new and emerging information
technology can help to reduce the complexity.
Simulation tools, such as ALCES demonstrated
here, provide planners with robust methods to
test policy alternatives and communicate results with stakeholders. ALCES also provides
an opportunity for planners to work directly with all regional interests in a participatory
approach to scenario development. Engagement across all sectors of land use is essential
in addressing cumulative effects.
Similar to many other areas, historical policies in the Calgary region have largely promoted low-density expansive residential patterns
(i.e., suburbia and low-density acreages).
These historical decisions have engendered
many undesirable consequences, including
loss of wetlands and productive farmland, increased commute times, unaffordable costs
of infrastructure maintenance, reduced walkability, increased water pollution, and elevated landscape fragmentation causing reduced
performance of social, economic and ecological processes. The BAU scenario developed
for this paper clearly demonstrates the cumulative effects and economic costs associated
with such growth.
There is, however, great opportunity for planners to embrace new residential strategies that
help mitigate historical issues, and showcase an
urban and peri-urban template better suited for
the needs of CRP residents during the next century. We demonstrate that the plans for more
concentrated growth proffered in the Calgary
Metropolitan Plan are a signiﬁcant improvement
over business as usual. Ultimately, the future
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structure and function of CRP will be determined by the combination of growth management policies and how the residential marketplace responds to the different options made
available by developers.
There is increasing evidence that society is
changing in terms of its values related to residential form (Tian et al. 2015). Home buyers are
seeking communities that deliver higher levels
of societal interaction, reduced dependency on
cars, increased opportunity for walkability, reduced carbon footprint, expanded opportunities for green space recreation within urban
boundaries, and opportunities to secure local
food that meets increasing standards of environmental sustainability. Calgarians, and those
who reside in surrounding communities, are becoming increasingly aware of the importance of
water (both quantity and quality) and are imploring politicians and planners to design urban
strategies and residential policies that recognize the role and function of watersheds in deﬁning the overall “livability” of cities that receive
their water quality and quantity from the combined activities of all land uses that occur within their watersheds. Furthermore, as tax payers
become more informed about the true costs of
construction and maintenance of infrastructure,
they are increasingly promoting urban growth
strategies that can be sustained against current
and future budgetary constraints. These values are clearly entrenched in the planning documents of the CRP.
This study illustrates that the CRP is at a
cross-road, and is faced with important macroarchitectural decisions that will deﬁne the ultimate form and function (“where and how”)
that guides how citizens will reside, move, and
live in this region in the decades to come. The
precise demands that future citizens place on
the shoulders of planners and policy makers
are both unknowable and evolving, and as such
greater metropolitan planning has an inherent
element of uncertainty. That said, it is clear that
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the historical urban and rural design strategies in
cities and regions such as Calgary are unlikely to
serve the future requirements of citizens whose
knowledge of social and environmental sustainability is increasing, and who wish for these
learnings to be embedded in sustainable urban
and regional design. To this end, the results of
this study provide empirical evidence of the
social, economic, and environmental beneﬁts
of design strategies that reduce urban sprawl,
promote walkability, and explicitly recognize the
natural capital values of the CRP.
As with all modeling, the results of the scenarios reported here are only as good as the input
data. We searched a wide array of literature to
develop metrics linking environmental to social
and economic factors. There is clearly a need
for further research to reﬁne our understanding of these linkages. In particular, although it is
generally accepted that relationships exist between attributes of urban form (e.g., population density) and indicators related to quality
of life (e.g., human health) and human behaviour (e.g., energy use), these relationships need
to be better quantiﬁed. The strength of ALCES is that it is relatively simple to update the
metrics as new and better information becomes
available. Likewise, if a stakeholder objects to
a certain assumption or value used in the model it can be quickly changed to conduct a sensitivity analysis.
The scenario approach and results illustrated
herein help to reduce the complexity of understanding cumulative effects. The ALCES approach is highly effective in explicit identiﬁcation of the trade-offs associated with different
policy and planning initiatives. Moreover, the
approach provides an effective alternative to
the incremental and siloed methods of planning
that exacerbate negative cumulative effects.
The next challenge is to use this information to
facilitate the ongoing discussion of desired future conditions for the region. The CRP will continue to explore the use of ALCES in the deliv-
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ery of the CRP strategic plan and development
of the next iteration of the Calgary Metropolitan Plan. The scenarios that we outline in this
paper provide a foundation from which the CRP
can develop and test further planning and policy
initiatives to meet the needs of the region while
protecting the values desired by residents.
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THE ALCES TOOLKIT FOR STRATEGIC
LAND-USE SCENARIO ANALYSIS
Strategic land-use planning requires a holistic understanding of the implications of the full range of anthropogenic and natural processes affecting landscapes.
The ALCES toolkit provides comprehensive yet userfriendly simulation of multiple overlapping land-use
sectors through the seamless integration of three types
of software: ALCES Integrator, a Stella-based stock and
ﬂow model; ALCES Mapper, an ArcGIS application; and
ALCES Online, a web application.
ALCES Integrator rapidly simulates long-term, regional
land-use and natural-disturbance trajectories and their
consequences to the area, edge, and age of natural and
anthropogenic land cover. Resource production and
supply as well as population growth are also simulated,
such that simulations respond to resource availability.
ALCES Mapper creates maps of regional dynamics as
simulated by ALCES Integrator by tracking changes to
the composition of cells of user-deﬁned size. The initial composition of each cell is calculated from spatial
inventories of land cover and anthropogenic footprints.
Changes to the composition of cells are then simulated
by spatially allocating regional dynamics according to
the expected spatial distribution of each activity and
spatial characteristics such as disturbance size and coor-

dination between disturbance types. Simulated maps of
landscape condition, resource production, and population are translated into environmental, economic, and
social indicators using relationships such as wildlife
habitat preferences, employment associated with resource production, and social implications of population
density.
Indicator performance as simulated by ALCES Integrator and Mapper are disseminated to planners and stakeholders using ALCES Online, a web application for visualization, customization, and comparison of land-use
simulations. Through an intuitive interface and rapid
delivery of simulations, ALCES Online enhances the accessibility of scenario analysis, thereby increasing its
potential to inﬂuence land-use planning. ALCES Online
also provides ﬂexibility by allowing the user to build new
indicators, assess outcomes at sub-regional scales (e.g.,
municipalities), and explore zoning scenarios that apply
different land-use strategies to portions of a study area.
The ALCES toolkit’s ﬂexible and accessible approach to
land-use scenario analysis has informed a diversity of
planning processes that span a range of scales, organizations, and issues.
More information is available at www.alces.ca.

ALCES Online, a web-application for delivery of comprehensive land-use scenario analysis to stakeholders and planners.
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URBAN DYNAMICS

A SYSTEMS THINKING FRAMEWORK
FOR ECONOMIC DEVELOPMENT
AND PLANNING
KHALID SAEED

High Line in the Chelsea area, Manhattan. Photograph Urban Dynamics by Adrien Danthony.
Source: https://500px.com/photo/102717477/urban-dynamics-by-adrien-danthony, retrieved on12/07/2015
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INTRODUCTION
The ﬁeld of planning began as an action-oriented discipline normally taught in the schools
of architecture or civil engineering in many universities. The founding fathers of planning often
advocated creating new infrastructure to meet
well-intentioned goals as a starting point for
development (McGinn and Davis 1969). Albert
Hirschman (1962), who advised many developing country strongmen on economic development, saw almost all infrastructure initiatives
as sources of a productive imbalance that could
provide opportunities for social learning for communities and nations (Hirschman and Lindblom
2007, Rodwin and Schon 1994). Such initiative
often involved huge opportunity costs and created many unintended consequences.
Urban Dynamics (Forrester 1969), on the other
hand, questioned the action-oriented perspective
of planning by demonstrating a method to test
developmental interventions before they are implemented so their unintended consequences can
be discerned and their efﬁcacy assessed. It focused on realistically representing the actual organizational decision-making structure for dealing with speciﬁc policy issues. Forrester placed
great emphasis on using experiential information
about how people discharge their everyday roles
while he set his model boundaries to suit the
speciﬁc problem behaviors he dealt with (Forrester 1980). His models were built from information
provided by real world managers and largely ignored the normative concepts of planning as well
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as the theoretical premises of rational choice,
marginality and equilibrium growth subsumed in
mainstream economics (Saeed 2015). In Forrester’s models role players instead work with limited information to balance their everyday acts
(Morecroft 1985).
Even though it was based on the experience
of the city managers, the Urban Dynamics model
did not catch on as a planning tool. The U.S. Department of Housing and Urban Development
(HUD) showed some interest by supporting further research on applications of the model, but
refused to endorse it as a city planning instrument. Through personal initiatives of one of Forester’s researchers, Lou Alfeld, a few cities around
Boston, notably Lowell, Concord and Marlborough, used its recommendations with some success but most city planners remained critical of it
(Alfeld 1995). Urban Dynamics also was widely
criticized by the mainstream planning community
as it contradicted many of the prevalent normative policies of the time, like job-creation, housing for the poor and worker training programs
(Averch and Levine 1971, Sayer 1976). Its complexity and disregard of the prevalent models
of urban and regional planning repudiated the
mainstream practices of the time and aroused
skepticism and disbelief about its structure and
policy recommendations.
The key ﬁndings of Urban Dynamics - namely
the inefﬁcacy of traditional interventions and
the importance of renewal of old infrastructure
- have since been interpreted in a variety of
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Figure 2: Poverty in Dhaka, Bangladesh. Source: author

ways, and have slowly been recognized as valid
around the world (Seetharam and Yuen 2010).
The operational perspective and experimental
approach to policy design it created are beyond
doubt of great value to a planning process that
seeks to improve welfare of communities at various regional levels without leading to unforeseen consequences. The model also creates new
insights into the developmental issues that are
discussed in the following sections of this paper.

THE URBAN DYNAMICS MODEL
AND ITS POLICY INSIGHTS
Urban Dynamics arose out of Forrester’s work
with Boston’s city managers. It ignored the
regional and economic development theories of the time (e. g., Isard 1960, Kindleberger
and Herrick 1958). Instead, it focused on how
infrastructure aging-chains in an open urban
economy could lead to stagnation and explored operational interventions to mitigate
that problem (Saeed 2010, 2015).
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Forrester’s Urban Dynamics model attempts
to explain the growth and stagnation of major
urban metropolises in the United States. The
model examines growth of an urban economy
from a small town with no apparent physical constraints to a large city whose growth is
constrained by land area, which can be seen as
a proxy for a variety of physical resource constraints on an economy including travel time,
infrastructure, water, energy, and even the intrinsic ability to solve problems as they arise,
in addition to land. It also disaggregates industry, housing and workforce into various categories whose composition radically differs
over the growth phase from the stage the
economy reaches a balance under its resource
constraints. Figure 1 shows the various business categories in the Urban Dynamics model,
which are new enterprises, mature businesses
and declining industry.

ISOCARP · REVIEW 11

URBAN DYNAMICS: A SYSTEMS THINKING FRAMEWORK FOR ECONOMIC DEVELOPMENT AND PLANNING

Figure 1: Business infrastructure aging chain in Urban Dynamics

Figure 2: Housing infrastructure aging chain in Urban Dynamics

Figure 3: Workforce mobility in Urban Dynamics

New enterprise creation is facilitated by low
wage rate, presence of professionals, labor
availability, land availability and a bandwagon
effect of sorts created by the growth impetus. New enterprises introduce innovative
new products and services into the market and
have a higher proportion of professionals than
the other types of businesses. New enterprises
age into mature businesses that eventually transform into declining industry. The aging
process of businesses is affected by a multi-
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tude of factors that determine the business
climate of the economy.
Housing is likewise divided into three categories as shown in Figure 2: premium housing,
worker housing and under-employed housing.
While the aging process drives the transformation of one type of housing into the other, their
autonomous construction rates are driven by
their respective demands, the expectations of
the builders to proﬁt from their construction
and public policy.
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Figure 4: The creation of an unhealthy infrastructure composition as the urban economy matures

Figure 5: The creation of an unhealthy workforce composition as the urban economy matures
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Workers are divided into three categories too
as shown in Figure 3, managerial/professional,
workers, and the underemployed. Transfers between underemployed and workers categories
are driven by jobs availability and social mobility. Transfers from workers to managerial/professional category are one-way and depend
also on social mobility. Changes in each population category are driven also by demographic factors as well as migration. Figures 4 and 5
show the baseline behavior of this model.
A high proportion of new enterprises and a
low proportion of declining industry characterize the composition of economic activity in
the growing metropolis with no resource constraints. This composition is created since new
enterprises get a big growth impetus from resource muniﬁcence. They age and become mature businesses and eventually transform into
declining industry but the rate of formation of
new enterprises is so high that the latter two
are maintained at a low proportion in the total
mix. This composition starts changing when the
resource constraints start limiting new enterprise formation (when land fraction occupied
exceeds 50%). As the resource constraints become more binding on the new enterprise, mature businesses and declining industry become
the dominant institutions in the economy.
The workforce composition over the initial period of growth with few resource constraints is likewise characterized by a high proportion of managers and professionals that
Forrester saw essential for creating and managing new enterprises. There is also a relatively
small number of underemployed in the economy over the growth phase. The composition
of the workforce in the homeostasis reached
under the land constraint is however typiﬁed
by a low proportion of managers/professionals and a high proportion of underemployed.
Workforce is not a limiting factor in Forrester’s
model as it can change both through demographic and migratory ﬂows.
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Towards the end equilibrium, the economy
of the metropolis is characterized by stagnating businesses, a lack of entrepreneurial activity, high unemployment and dilapidated housing – conditions pervasive in the developing
country economies when economic development effort began as well as in mature urban
areas in the industrialized countries over midtwentieth century.
Seeking growth of businesses in such a
scenario in an effort to raise the standard of
living of the populace may soon hit resource
constraints again. The economic development agenda in such conditions is therefore
not growth, but a change in the composition
of the economy. Also, any change in this composition is difﬁcult to realize unless some of the
antiquated infrastructure (and possibly also institutions) can be cleared for making room for
the new ones.
Forrester proposed demolition of old housing and declining industry along with encouragement of new enterprise as a policy package for changing the problematic composition
of the economy. Figure 6 shows a computer simulation of Forrester’s model with these
policies implemented when the urban economy is in a state of maturity and stagnation.
Clearing of the obsolescing infrastructure on a
continuing basis makes room for formation of
new enterprises, which changes the problematic composition in the new equilibrium of the
economy.
In the new equilibrium, the economy has a
much lower proportion of declining industry
and a much higher proportion of new enterprises. The workforce composition also changes as shown in Figure 7. The proportion of
managers/professionals rises and that of
underemployed people declines considerably
over the course of change. The total output
of the economy is interestingly not tracked in
Forrester’s model; hence growth of output is
not even an issue.
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Figure 6: Change in the composition of industry created by policies to clear aging
infrastructure and to encourage new enterprises

Figure 7: Change in workforce composition created by policies to clear aging
infrastructure and to encourage new enterprises
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Detroit prospered on the back of the motor industry, but now the city is in great decline.
Source: http://www.mirror.co.uk/news/world-news/detroit-bankruptcy-motor-city-runs-2065346

URBAN DYNAMICS LINK
TO SCHUMPETER’S CONCEPT
OF CREATIVE DESTRUCTION
Forrester’s models can be tied to some extent to classical economics theories, which
according to Baumol (1959) described magniﬁcent dynamics of the free market system.
Urban Dynamics in particular seems to build on
Schumpeter’s concept of creative destruction
(Schumpeter 2006), operationalizing it into a
policy process. This link to a classical economic
theory may not be deliberate and arises probably because those early theories came also
from direct observation of how economic actors went about their everyday business. Indeed, Adam Smith (1776) and John Stuart Mill
(1848) gave copious descriptions of how ordinary people behave while they attributed
rational outcomes to the working of the market. This important premise of theory was
brushed aside when the neoclassical models
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were formalized into constructs that aggregated individual actions and market dynamics into the concept of rational agency (Hayek
1937, V Smith 1962).
Joseph Schumpeter’s descriptive theory of
creative destruction sits in a Maverick niche
that is generally excluded from or mentioned
in passing in both development economics and
macroeconomics texts, although it shows a
way to break out of economic stagnation that
mature economies as well as developing countries have experienced. Schumpeter was perhaps the ﬁrst economist to recognize that resurgence in a stagnant mature economy is
driven by what he called “creative destruction” (Schumpeter 2006). He suggested that
this resurgence was an endogenously driven
cyclical process, but he did not go into devising
a policy framework to facilitate it. He also did
not speak to the continuance of stagnation as a
complex homeostasis that plagues the developing and the developed countries alike.
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Figure 8: Schumpeter’s concept of creative destruction creating renewal in stagnating economies

Figure 8 shows the structure of a simple
model of Schumpeter’s creative destruction
theory discussed in Saeed (2015). Unlike Marx
(1906), who placed capitalists and workers in
separate silos, Schumpeter saw the possibility
of social mobility between classes arising from
entrepreneurship that would rejuvenate a declining capitalist economy.
Workforce is distributed between labor, unemployed and entrepreneurs. Social mobility
allows both labor and unemployed workers to
become entrepreneurs - new capitalists with
potential to obtain ﬁnancial resources and develop new technologies for autonomous investments that resurge the economy. In equilibrium, there exist balancing ﬂows between
unemployed and entrepreneurs meaning some
entrepreneurs return to the unemployed pool
while some of the unemployed move to entrepreneurial roles. A similar exchange between
entrepreneurs and labor implies that some of
the labor attempt entrepreneurial roles; and
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some of those in such roles fail and return to
wage work.
Figure 8 also shows the investment structure and the role of technology implicit in
Schumpeter’s descriptive model. Schumpeter distinguished between two types of investment that he called induced and autonomous.
Induced investment arises from the discrepancy between supply and demand and autonomous investment from resources and technology created by the entrepreneurs. Resources come from un-invested savings that result
from saving up - the part of output that is
withheld from both investment and consumption. Technology is increased by technological development created by the entrepreneurs
and drained by obsolescence. Output is produced by capital and labor, but hiring is driven
by the need for labor created by capital. Wage
rate is determined by labor market conditions
and proﬁt is output less the wage bill. The
average rate of return is given by dividing prof-

ISOCARP · REVIEW 11

URBAN DYNAMICS: A SYSTEMS THINKING FRAMEWORK FOR ECONOMIC DEVELOPMENT AND PLANNING

Figure 9: Growth and oscillation in the model of Schumpeter’s concept of creative destruction and change in the composition of workforce
and capital when retirement of traditional capital is speeded up.

it by the stock of capital. Together with wage
rate, it inﬂuences entrepreneurial climate that
may encourage or discourage entrepreneurship. It should be noted that while capital can
be created through investment in this model,
the total workforce is ﬁxed that creates a capacity constraint.
The left half of Figure 8 shows the behavior
of this model when disturbed from equilibrium
by an autonomous increase in unemployed
population that depresses wage rate and improves entrepreneurial climate increasing ﬂow
into the stock of entrepreneurs. The resulting
surge in autonomous investment creates economic growth and an overshoot in output occurs due to the delays in the system. In due
course, the growth tightens the labor market, raising wage rate and squeezing the rate
of return, which deteriorates entrepreneurial
climate - leading ﬁrst to economic stagnation
then decline. This once again improves the climate factor - creating conditions appropriate
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for another growth cycle. Schumpeter called
this process creative destruction. Experience
shows, however, that both developing and developed countries may get locked into a stagnation in which there is a large amount of mature capital, a small number of entrepreneurs
and little social mobility, which Schumpeter did
not address, but Forrester’s Urban Dynamics
spoke to.
When Forrester’s policy of proactive discard of old infrastructure to facilitate new
enterprises is implemented even in our simple model of Schumpeter in year 90 (Figure 9,
right half), it yields a change in the composition of workforce and infrastructure similar to
urban dynamics. It increases the proportion of
entrepreneurs (managers in Forrester’s model)
and entrepreneurial capital (new enterprises
in Forrester’s model). It reduces total output
though, which although a widely used measure
of economic performance is not highly related
to welfare of people (UNDP 2014).
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Singapore slums.
Source: http://robinlow.blogspot.ro/2011/07/singapore-slums.html, retireved on 17/07/2015

URBAN DYNAMICS AS
AN ECONOMIC DEVELOPMENT
FRAMEWORK
Contemporary development economics has
often viewed underdevelopment as a gap between the developing and the developed countries and has emphasized policies that should
endeavor to overcome this gap through facilitating economic growth (Van den Berg 2001).
The key models used for designing growth policies are variants of those by Harrod-Domar,
Solow and Romer, although Lewis’s model of
structural transformation is often subsumed in
deﬁning the various stages in the growth process (Lewis 1958). There additionally exist several revisionist perspectives that add poverty
alleviation, social development and afﬁrmative action policies to the growth agendas (Todaro and Smith 2006, Perkins et al 2001). In all
cases, the implicit assumption in these models has been that the developing countries are
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nascent systems on their way to becoming
mature economies. These models deﬁne the
policy problem as one to realize their growth
potential as fast as possible. This can be done
by allocating scarce resources to activities with
the highest yield and speeding up structural transformation from traditional to modern
sub-economies. Furthermore, dysfunctions
like income inequality, governance problems,
social conﬂict, corruption, and lack of personal
freedoms encountered on the way to maturity
must be appropriately managed.
Forrester’s Urban Dynamics model, although
developed for addressing urban decay issues
in the US cities, seems to posit an alternative
theory of underdevelopment and poverty.
As discussed in section 2, it views economic
stagnation as a function of an inappropriate
composition of infrastructures and vocations
that he proposes changing by demolishing old
infrastructure to make room for the new enterprises. Indeed, Forrester’s model seems
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Singapore downtown.
Source: http://travelsort.com/blog/budget-travel-guide-to-singapore

to be a progression of Joseph Schumpeter’s
classical concept of creative destruction applied to economic development in a mature
economy. Forrester built his model however
not from Schumpeter’s theoretical premises but from working with city managers. And,
following his principle of representing the
stocks and ﬂows in the model as they exist in
reality, he describes a physical system rather than an economic theory. His infrastructure aging chains and workforce categories
nonetheless resemble those in our model of
Schumpeter in Figure 8. His model additionally
portrays a contemporary open economy with
ﬂexible worker and capital ﬂows and capacity
constraints that affect different infrastructure aging chains differently.
Since workforce can change through migration while capital investment can also ﬂow in
from and out to other regions in contemporary open economies (Kugler and Rappoport
2007), Forrester’s model seems to mimic
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them better than our closed and ﬁxed economy model of Schumpeter. Forrester assumes
higher rates of mobility for the managers/
professionals and labor than for the underemployed, which is consistent with the concept of poverty traps in the developing countries (Azariadis 1996). Forrester’s model also
tends towards an end equilibrium which is
characterized by stagnating businesses, a lack
of entrepreneurial activity, high unemployment and dilapidated housing - conditions
pervasive in the developing country economies before economic development efforts
began, as well as in mature urban areas in the
industrialized countries over the mid-twentieth century.
The problematic composition includes both
the physical activities and the social institutions. The social institutions subsume the
colonial interests that emphasized production of cash commodities and the economic
planning systems that have driven past inter-
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ventions emphasizing export and specialization. The two together have led to misallocation of production resources to producing
too much in crowded export niches and too
little for the local needs (Saeed 1996, 1998).
They include the feudal systems directing the
production and distribution of income that
leaves most households in abject poverty and
the governance systems that deliver limited
rights and freedoms to large cross-sections
of the populace. They manifest in the social
class structure that excludes large cross-sections of populace from participation in entrepreneurial activity (Sen 1999, Saeed 1994).
Finally, they appear the infrastructure and
the social services systems that ﬁll the landscape and eat up maintenance budgets while
they mainly serve elite interests and not the
public. These are all candidates for accelerated demise that should free up resources
for new entrepreneurial activity and for the
infrastructure and the social institutions that
support it.
New enterprises can of course not be created without the involvement of human agents.
Theodore Schultz, who shared the Nobel prize
in 1979 with Arthur Lewis, was probably the
ﬁrst scholar of economic sciences to point out
that the potential of human agents has been
under-rated in the design of economic development policies for the poor (Schultz 1961).
Supporting human effort requires serious investment in education, health and social services, which have often been deemed to yield
high opportunity costs in the economic development strategies pursued in the developing countries. It also requires supporting personal liberties and freedoms as proposed by
Amartya Sen (1999) that should help to tap
large cross-sections of the populace for delivering the needed human agents. Forrester’s
Urban Dynamics model should be augmented
to address infrastructure also for supporting
human effort.

44

CONCLUSION
Forrester’s Urban Dynamics repudiates the
act-then-learn attitude underlying the wellintentioned policies for urban and regional development. He showed through experimentation with his model that many of intuitive
policies were ineffective and even counterproductive. He even suggested that intuition
might mostly be wrong when examined in the
context of complex relationships driving experienced symptoms. He found that economic
stagnation in the American cities was a function of an inappropriate composition of infrastructures and vocations that could not be
changed by well-intentioned interventions. His
Urban Dynamics model identiﬁed the structure that drove this stagnation and his experiments with this model led to ﬁnding effective
ways to break out of it. The experimental process he created can test the impact of intended interventions thus creating a computerbased learning laboratory that can potentially
save huge social and economic costs.
When applied to the developing country
context, the Urban Dynamics model tells us
not to see economic development as nurturing
growth in an imaginary infant economic system
but as recovery from stagnation in a mature
economy brought to a low-welfare homeostasis by the resource and institutional constraints
that prevail in reality. Most developing economies have existed for centuries and millennia and can hardly qualify as nascent systems.
There is little room for growth in them as their
landscape is ﬁlled with obsolete infrastructure and unsuitable political and social institutions that create unequal entitlements and bar
participation in the economic system for large
cross-sections of potential entrepreneurs by
limiting their civil liberties and freedoms. The
quintessential economic development models addressing growth, structural transformation, productivity improvement, specialization
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and export etc., are therefore irrelevant to the
mature economic systems existing in reality
that have little room for growth unless some
of their existing baggage is cleared. In this context, the developing country economies are
similar to the industrialized economies coming to stagnation or recession as both represent manifestations of arrival at a low welfare homeostasis under resource constraints.
Schumpeter was the ﬁrst to recognize the
process of creative destruction that rejuvenates such crowded economic systems. Forrester seems to have given that process a physical meaning and a policy framework in his Urban
Dynamics model, which should be revisited for
designing economic development agendas.
Using a short life for the infrastructure
yields a better distribution in both Forrester’s
and Schumpeter’s models. This also points to
the fact that high durability of capital goods
may lead to stagnation and deep recessions in
the long run. Economic development policies
should therefore include ways to discard old
infrastructure in addition to encouraging new
entrepreneurial activity. This principle must also
be extended to the metaphysical context. Thus,
institutional reform transforming currently unequal entitlements to equitable ones as suggested in Saeed (2011), political reform transforming authoritarian governance systems to
those committed to civil liberties and freedoms
as suggested in Saeed (1990), and law enforcement to curb corruption and banditry as suggested in Saeed et al (2014) should replace the
current agendas that are not cognizant of the
root causes of poverty and low welfare.
Last, but not least, capital with short life also
leads to a lower accumulation of the stock of
capital, which might be environment-friendly.
Forrester has advocated reduction in population and capital stock for sustaining mankind in
his World Development model (Forrester 1971).
This proposition is borne out by the fact that
medieval societies like the Native Americans
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have lived close to nature in sustainable equilibrium over an extended period of time with
very little accumulation of man-made infrastructure while those vested in building durable infrastructure like the Mayas, the Egyptians and the Chinese have gone through dynastic cycles (Saeed and Pavlov 2008). This
issue also merits further attention in future research on sustainable economic development.
Forrester’s Urban Dynamics model moves
away from the criteria of maximizing output
growth, productivity and efﬁciency. It instead
attempts to seek transformation from a problematic composition of workforce and infrastructure that is creating stagnation to a productive composition that delivers a progressive environment. Since transformation cannot
occur without clearing the obsolete infrastructure and institutions, creating incentives to pull
them down should be an important part of any
development strategy. Urban Dynamics thus
presents an operational model for economic
development, which recognizes that the developing countries do not have infant but aging economies and that composition of the
households and economic activities, not the
aggregate measures of consumption and production, indicate health of their economy. With
appropriate modiﬁcations, it can be used to explore policies that affect the behavior of ordinary actors in the system and lead to changing
the composition of workforce and infrastructure that should transform stagnating economies to progressive ones.
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INTRODUCTION

Rendering of Lakeside Development.
Courtesy of Skidmore, Owings & Merrill
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Researchers at the United States Department
of Energy’s Argonne National Laboratory are
working with local developers to create the
Lakeside Sustainable Infrastructure Model
(LakeSIM), a sophisticated computer program
which might change the way the detailed planning and design of cities is performed.
The traditional planning approach called for
a series of investigations which generally included: 1. Identiﬁcation of the general program
for the city or project; 2. Analysis of the site; 3.
Identiﬁcation of the infrastructure, housing and
service requirements; 4. Initial design of the project; 5. Identiﬁcation of implementation phases;
and, 6. Detailed site design and engineering by
phase. The ﬁrst ﬁve steps in this approach are
intended to investigate a limited number of city
design, infrastructure and service alternatives in
a sequential and reductive manner. The goal of
the ﬁrst ﬁve steps is to dictate the organization
and composition of each construction phase.
Currently the job of the last step is to ﬁne tune
the design elements and engineer them to the
actual site.
However, the inability to conduct detailed,
designed, and engineered examinations of a
large number of alternatives at this ﬁnal detailed design and engineering step can produce
unintended outcomes such as expensive long
term operating costs or the need to later regenerate sections of the project due to climate
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Figure 1: Growth of million plus population cities by continent

changes impacts or emerging technological advances. The use of LakeSIM might revolutionize
this ﬁnal step.
LakeSIM is being developed as a tool to help
professionals understand the short and long
term effects of various design aspects by modeling the highly complex interdependencies between the various major infrastructural systems
while still allowing designers to visualize the
aesthetics of the urban environment in a 3-D
modeling platform. Its capability to evaluate
“what if” scenarios, including infrastructure system interactions, will be particularly important
when evaluating design alternatives and trying
to allocate limited resources while maintaining
high levels of sustainability. To date, it quickly
performs analysis of energy and transportation
impacts so that the advantages and constraints
of different build-out scenarios can be quantiﬁed. Plans have been formed to expand the analysis to include the analysis of energy supply,
water, and other systems.
The need for such a tool is great as more and
more cities are being developed. A hundred
years ago, one out of every ﬁve people lived in
urban areas. By 2050, that number will balloon
to over four out of ﬁve.1 While tools like LakeSIM
have utility in slower growing areas of the world
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(see the following case study), they could be
most useful in regions where increasing urbanization is occurring. At the start of the twentieth
century, 16 cities in the world had populations of
one million or more, nearly all of which were in
either Europe or North America.2 In 1950, 72 cities in the world boasted one million plus populations, and this ballooned to 195 by 1975 and
nearly 400 by 2000. The number of million plus
population cities was projected to reach nearly
550 by 2015, with the majority of these new million plus population cities in Africa and Asia as
seen in Figure 1.
Accommodating this growth in an urban setting will require the provision of energy, transportation, potable water, food and other infrastructure services that strain ﬁnite resources.
Furthermore, existing infrastructure will require
not only continued expansion, but complete redesign in certain situations, especially with an
eye towards environmental concerns related to
water and energy consumption, pollution, and
carbon emissions. The application of design
tools, like the one described in this article, could
result in substantial energy savings, reduced carbon emissions and water consumption, and more
effective use of resources in addition to reduced
construction costs due to improved engineering.
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Figure 2: Aerial photographs of the South Works site from 1938 during a time of high steel production and 1998 several years after closing.
Source: For the 1938 aerial - Illinois Historical Aerial Photography 1937-1947 Database, Illinois Natural Resources Geospatial Data
Clearinghouse, Illinois State Geological Survey, http://isgs.illinois.edu/nsdihome/webdocs/ilhap/ (Last accessed April 21, 2015).For the 1998
aerial - 1998-2001 Illinois Digital Orthophoto Quadrangle Data Database, Illinois Natural Resources Geospatial Data Clearinghouse, Illinois State
Geological Survey, http://isgs.illinois.edu/nsdihome/webdocs/doqs/ (Last accessed April 21, 2015)
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CASE STUDY: CHICAGO
LAKESIDE DEVELOPMENT
At present, LakeSIM is being used to facilitate
the design of a project located 9 miles south
of downtown Chicago, in the USA. The Chicago Lakeside Development, led by developers McCaffery Interests, aims to redevelop the 600 acre brownﬁeld site of a former
steel mill with a robust mixed use development program.

Site History
In 1880, the North Chicago Rolling Company
purchased 75 acres at the mouth of the Calumet River on Lake Michigan to optimize the
cost effectiveness of shipping raw materials required for the steel production process. 3
Throughout its operation the plant grew in size
as the mill dumped steel slag into Lake Michigan and slowly expanded the site to nearly 600 acres4. After over a century of operation and multiple name changes, the U.S.
Steel South Works site shut down operations
in 1992. At the peak of operation, the mill employed more than 20,000 and was one of the
main sources of prosperity for the south side
of Chicago. Figure 2 is a set of aerial photos
taken in 1938 when output was fairly high and
1998, six years after closing. As seen in the
1998 photo, nearly all the buildings have been
demolished and removed from the site.
In preparation of redevelopment of the site,
U.S. Steel spent over $7M in environmental
remediation as part of the Illinois EPA Site Remediation Program5. In 2010 the City of Chicago created a Tax Incremental Financing (TIF)
district to support infrastructure development at the site and recently completed extension of the historic Lakeshore Drive (U.S.
Highway 41) further south, so that it now bisects the site and is ﬁnishing an interchange
improvement to Interstate 90 to further improve access to the site.
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This site presents a unique opportunity due
to its proximity to downtown Chicago, Lake
Michigan, and the Calumet River, the scale
of the site, as well as the absence of existing infrastructure. Lakeside is a massive blank
canvas and a fantastic potential to be a hotbed
of innovative urban design.

Lakeside Development
Today, the 600 acre site is in the master planning stage. Called “The Chicago Lakeside Development”, it was conceived by developers McCaffery Interests and aims to revitalize
Chicago’s south side by bringing new services, jobs, and residences to a dilapidated,
unserved area in the third largest city in the
United States of America. The largest impacts
to the immediate neighborhood will be an inﬂux of service and construction jobs, as well
as bringing grocery stores to an area where
food stores are very limited. The program calls
for the construction of 13,500 residential units
accommodated by single family dwellings and
multifamily mid- and high-rise units. It also
envisions the development of 17,500,000 SF
of retail space and the construction of nearly 125 acre of public park space and bike paths,
along with a 1,500-slip boat marina. This will
not only promote a green urban environment,
extending the public park land found along
Lake Michigan throughout Chicago, but will
also restore the natural beauty of the site.
With a build-out of approximately 30 years,
the total cost of the project is estimated to
be $4 Billion.
Unfortunately, the sheer size of the development also presents several challenges.
For decades, urban planners and developers
have relied upon intuition to guide their decision-making process. But this “sixth sense” is
signiﬁcantly less effective for larger-scale developments where hundreds of buildings and
dozens of interconnected services will reside over the course of decades. Realizing the
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Figure 3: Flow diagram for the LakeSIM building energy prediction workﬂow

grand scale complexities of this project, McCaffery Interests have partnered with researchers to develop a tool to facilitate this
large scale urban design.

LakeSIM – Initially Focused
on Energy Efﬁciency
The U.S. Department of Energy’s Argonne National Laboratory and the University of Chicago, through a partnership with the Chicago-based architectural and engineering design
ﬁrm Skidmore, Owings & Merrill, and the Clean
Energy Trust, are developing tools that merge
urban design with scientiﬁc analysis to improve
the decision-making process associated with
large-scale urban developments. One such
tool, called Lakeside Sustainable Infrastructure
Model, or LakeSIM, has been prototyped with
an initial focus on consumer-driven energy and
transportation demand. LakeSIM sprang from
the need to answer practical questions about
urban design and planning, requiring a better
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understanding of the long-term impacts of
design decisions on energy and transportation
demands for the Chicago Lakeside Development project.
To address the uncertainty of large-scale
planning with so many complex variables,
LakeSIM creators have prototyped a new
platform that seeks to help developers plan
at massive scales while anticipating the ability to build in future scenarios such as climate
change, improved efﬁciency in buildings and
transportation systems, and increased renewable energy and/or micro-grid applications. To
date, the majority of the work on LakeSIM has
been integrating energy modeling software for
analyzing demand side energy requirements
and transportation impacts based on proposed
city planning.
LakeSIM employs the speciﬁcations of dozens of building design types supplied by the
Department of Energy and Skidmore, Owings
& Merrill. Each building type features unique
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Figure 4: Site plan as imported into CityEngine
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Figure 5: Basic 3D rendering from site plan
Figure 6: The LakeSIM model includes details such a zoning information (shown by colors), sidewalks, bike lanes, parking, greenspace, etc.
in addition to basic road and building information

Figure 7: Zoning envelopes are created to let the designers know the maximum building size that can be allowed on the site
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descriptive parameters, allowing designers
to pick and choose different types and place
these in a virtual site map. With an emphasis
on integrating scientiﬁc and engineering models into platforms used by industry, the project selected CityEngine, from Environmental Systems Research Institute (ESRI), as the
“dashboard” through which the urban designer
interacts with the city designs. Computational models can be invoked to analyze changes
with respect to energy demand over time. Figure 3 shows the LakeSIM workﬂow diagram for
computing building energy use.
The future goal of this virtual map is to create an interconnected virtual city where changes to plans can be analyzed in minutes or
hours instead of weeks, allowing planners to
reﬁne and monitor development progress as
individual buildings aggregate into zones, and
zones aggregate into residential and commercial neighborhoods. With this in mind, one of
the most important sectors where LakeSIM
hopes to assist in decision-making is energy.
The use of LakeSIM is fairly straightforward.
First the basic site plan is imported into CityEngine and divided into all its components: road
networks, building types and sizes, etc., along
with expected construction dates as shown
in Figure 4 and rendered in 3D to better visualize buildings as shown in Figure 5. This allows designers to more easily make changes to
building sizes, types, locations, etc. The basic
LakeSIM model can include things like side
walk size, bike lanes, setbacks, parking spaces,
medians, greenspace, etc. as shown in Figure 6.
Designers can then use several built in visualizations to help them understand the basic
design and design options as a function of
time. One such visualization is zoning “envelopes” which help designers understand the
maximum building size of the building on each
lot as shown in Figure 7.
The information about the site and buildings
is parametric as much as possible. A building is
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described by its type, basic shape, size, occupant density, hours of operation, basic building
mechanical and lighting systems, basic materials, and some desired design constraints such
as window-to-wall ratio. Designers can then
quickly look at variations in the design through
parameter changes. For example, changing the
building size will change its total occupancy,
number of units, size of mechanical systems,
etc. Changing its shape would change the total
area of windows.
Once the built environment has been virtually designed, the program evaluates energy
efﬁciency. The electric and gas power streaming into residences and businesses is a balanced
coordination between energy suppliers and
energy producers. To provide planners with
better energy demand forecasts throughout
the life of the development, LakeSIM employs
an Energy Performance Standard Calculation
Toolkit, called EECalc, developed by Argonne
and based on the ISO 13790 standards for predicting energy performance of buildings.
EECalc generates monthly estimates of a
building’s thermal energy demand, and energy
consumption for heating, cooling, lighting, and
appliance plug loads. As each structure has
unique architectural features, they also have
unique energy demands. EECalc uses analytics
that are faster, less expensive, and less dataintensive compared to conventional building
energy simulation methods which allows for
rapid calculation of both “what if” scenarios as
well as generating uncertainty and sensitivity
analyses.
As LakeSIM calculates the interconnectedness between each part of the plan, users can
make systematic changes and see how this affects energy demand and supply for the individual building, block, or for the entire region.
A typical energy analysis might compare the
energy use intensity (EUI), the zoning information, the building areas, and the total energy
use for a section of Lakeside at a particular
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Figure 8: CityEngine Lakeside site visualization at one snapshot in time. Buildings colored by usage and type (top left), total area (top right),
energy utilization index (bottom left), and total consumption (bottom right)
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Figure 9: Total Lakeside
Development site energy
demand for various
development scenarios
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Figure 10: Prediction of
future energy demand for
a particular design scenario
including the effects of
weather uncertainty.
The most likely energy
demand is in yellow and the
shaded surrounding region
represents the uncertainty
related to climate
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Figure 11: POLARIS simulation framework. Some of the decision processes that are modeled for travelers and trafﬁc
managers are shown in the thought clouds for those agents

Figure 12: Screen capture of the Chicago regional transportation model in POLARIS that is used to understand the mutual
impacts of Lakeside and the regional transportation system. The Lakeside Development site is only a small part of the
area in the small red box near the center of the ﬁgure
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snapshot in time as shown in Figure 8. Here we
see a combination of four different visualizations for the same moment in time that are
often compared to understand some of the
tradeoffs in the design. Shown are the building type, building area, EUI, and the total building energy use for the year. A designer would
look at the EUI and the total building energy
use to understand the sustainability impacts
and expected fuel costs for the buildings while
the total area tells the designer about general
costs. Building type information helps the designer quickly consider what types of alternative buildings could be placed in a particular location if the EUI, total energy, or building size
are not to the liking of the designer.
LakeSIM is particularly well suited to studying various development scenarios. Figure 9
shows an example of using LakeSIM to evaluate several different development scenarios.
The scenarios start with a total demand ranging
from 3 GWh to 9 GWh but by 2050 the differing scenarios range from 12 GWh to 40 GWh.
Perhaps most powerfully, LakeSIM can also
answer “what if” questions, such as “what if”
the climate warms and weather becomes more
extreme. Figure 10 shows an example of the
uncertainty in energy use for a given scenario when uncertainty from weather is taken
into account. In the plot, the total site energy
demand for one particular scenario is plotted
while the weather is allowed to change. The
yellow line is a plot of the scenario run with
“normal” weather throughout the lifetime of
the scenario. The lower bound of the plot results from assuming that future weather will
be mild (mild winters and summers with few
extreme weather events). The upper bound of
the plot results from assuming future weather
years will be more extreme (warmer summers,
colder winters, and more extreme weather
events). The uncertainty in future weather results in nearly a 15% uncertainty in the future
energy demand prediction for the year 2030
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(e.g. the projected annual demand is 734 GWh
for extreme weather compared to 650 GWh for
mild weather which is an increase of about 15%).

Improvements to LakeSIM
Transportation Impacts
More recent work on LakeSIM has been focused on integrating a transportation modeling software into the program. To facilitate the
assessment of proposed transportation infrastructure, LakeSIM contains the Planning and
Operations Language for Agent-based Regional Integrated Simulation (POLARIS) transportation system modeling suite, developed
at Argonne National Laboratory under contract with the Federal Highway Administration (FHWA)6. The work encompasses the development of new tools for creating integrated,
interoperable, and extensible model systems to
address new transportation management and
operations policies. The development of POLARIS focused on enabling three major research
directions: agent-based modeling, infrastructure design for trafﬁc management centers and
intelligent transportation systems (ITS), and
software engineering techniques.
The use of agent based modeling (ABM)
for all decision processes is a key innovation
in POLARIS. Agents are used to encapsulate a
set of behaviors that govern their interaction
with the environment and other agents. Within POLARIS, agents are used to model anything
that interacts with the transportation system
and makes decisions including animate objects
such travelers, trafﬁc managers, and transit authorities, but also the reactive inanimate objects that make up the bulk of the transportation network. The basic simulation framework
is shown in Figure 11.
The resulting software framework has been
used to develop an activity-based travel demand model and trafﬁc simulation for the Chicago region, which simulates the activity-travel needs and travel experiences of 10 million in-
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Figure 13. Close-up view of the Lakeside development in the POLARIS regional simulation. New residential buildings are shown in blue while
attraction sites such as shopping or socializing are shaown in red and green. The individual vehicles modeled by POLARIS can be seen in the ﬁgure
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dividual traveler agents over a typical day as
they interact with the transportation system.
The Lakeside Development has been incorporated into the baseline Chicago regional transportation model in order to evaluate the transportation impacts of the proposed development. The enhanced Chicago regional model
then serves as a platform to test new policies
to improve transportation service in the area.
The model can be used to analyze a wide range
of transportation policies, from signal timing
updates, roadway improvements, transit provision, etc., all the way to advanced solutions
such as autonomous shared vehicle ﬂeets.
The full model region is shown in the POLARIS screen capture shown in Figure 12. To understand the scale of the transportation model
note that the Lakeside Development site is a
small part of the small red box near the center
of the Figure. The Chicago regional transportation model in POLARIS is not just a high level
model of trafﬁc ﬂow on major streets and highways but is a detailed model that goes down to
the individual building and vehicle level. As can
be seen in Figure 13, POLARIS represents both
new residential housing (the blue buildings) for
a simulated population of new residents as well
as new activity attractors (red and green buildings) which will generate trips from both the
new population as well as the surrounding area.

Proposed Improvements to LakeSIM
Future work on LakeSIM will aim to incorporate
supply side energy modeling and analysis, including electric and gas grids (in order to assist
in energy infrastructure planning), and water
systems (water distribution, waste water, and
storm water) to assist in both storm water and
sewer infrastructure planning. As Lakeside Development aims to incorporate large scale renewable energy systems, the demand side
energy modeling and transportation modeling
currently developed in LakeSIM will be critical for analyzing supply side energy systems as

ISOCARP · REVIEW 11

the buildings and transportation sectors combined encompass the majority of the future
energy demand for the site. The LakeSIM model is expected to help answer questions related
to the incorporation of distributed renewable
generation such as wind and solar, the possible
use of local power generation from waste heat
or using micro-turbines, the use of distributed and centralized electricity storage, and the
design of electric micro-grids. The models will
be closely coupled so changes in demand that
arise from changes in proposed building design
and occupancy will be reﬂected in the energy
supply and water system models.
In addition to adding additional infrastructure elements, another future aim is add more
agent based models to the system and to more
fully couple the existing models. Agents will
be added to the building simulation to better model the dynamically changing occupancy
of buildings and connected to the transportation agents so that a traveler agent representing a commuter becomes a building occupant agent in their place of occupation. Agents
will be added to simulate the power and water
utility operators, as well as owners and managers of buildings and other infrastructure systems. The use of agents will allow planners to
better model the expected growth and evolution of the site for a wide variety of scenarios.
Agents will also be added to represent individual elements of the infrastructure that could
change over time because of age, use, weather
impacts, etc., which means that the effects of
service lifetimes of various infrastructure elements can be studied as well.
The data assimilation and modeling has been
performed primarily on desktop computers,
with larger ensemble modeling runs carried
out on academic cluster computing resources7
using the Swift parallel scripting language.8 Providing much faster than real-time calculations
affecting hundreds of thousands of parameters that exist in an urban environment takes
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a lot of computing power. While some analyses
such as isolated building energy use and trafﬁc simulation can be made on the desktop or
using cloud computing, other analyses such as
electric grid simulation, might require the use
of large supercomputing resources. Additionally, the desire to evaluate thousands to tens
of thousands of design alternatives in an attempt to optimize the entire development (as
opposed to individual infrastructure systems)
or even provide automatic optimization of parameters to maximize performance or minimize
impacts under realistic constraints will require
multi-task and ensemble modeling approaches making use of signiﬁcant computing power.
Perhaps in the future, a tool such as LakeSIM
will make use of supercomputing resources located at the Argonne Leadership Computing
Facility, such as Mira, currently the ﬁfth fastest
supercomputer in the world.

FUTURE USES OF THE PROGRAM
In addition to the direct application of LakeSIM
to inform the planning and design of the Chicago Lakeside Development, the creators of
LakeSIM hope the program will eventually be
used to assist in the development and expansion of many other urban environments. The
largest potential for future application of LakeSIM exists in Asia, where cities may be planned
in a matter of months and built in a few years
rather than in decades as expected for the
Lakeside Development. The largest problem
of urban infrastructure planning and design is
that systems are used for decades or centuries, and often problems or weaknesses of the
infrastructure remains unidentiﬁed for the ﬁrst
several years, or even decades, of operation.
By the time inadequacies and inefﬁciencies are
identiﬁed, the infrastructure is so massive and
integrated that the problems may be next to
impossible to rectify, and wholesale system
change-over is infeasible.
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Space syntax, developed by Professor Bill Hillier
and his colleagues at University College London,
comprises a set of techniques for analysing and
intervening spatial pattern, as well as a set of
theories linking space and society. It offers a
testable way of describing the spatial architecture of a place. It addresses the following questions. How do buildings aggregate to create
urban type space patterns? How, by shaping
movement and co-presence, do these space patterns create the sense of well-ordered diversity
found in good cities?

THEORETICAL FOUNDATIONS
OF SPACE SYNTAX
The theories and methods of space syntax are
based on two key foundations. First, space is
not a background to human activity, but intrinsic to it. Therefore we create or shape
space in ways which reﬂect our activities, and
through this action the space we build becomes humanised. In this sense, we should
see urban development not as an inert background to activity, but as a historical record of
a city-creating process, consisting of universal as well as idiosyncratic aspects. Second,
space is conﬁguration. This refers to the
complex relation between any pair of individual spaces regarding other contextual spaces.
Therefore, cities appear to us as conﬁgurations of activity related to conﬁgurations of
space. This is how the task of planning is presented to a planner: how a speciﬁc conﬁguration of activities is to be related to a speciﬁc
conﬁguration of spaces.
To tackle this question, space syntax proposes three types of law involved in understanding the relationship between space and
people. The ﬁrst type is the law of space itself, which governs the emergence of spatial
complexes with well-deﬁned properties from
the population of the surface of the earth
with objects of various kinds. The second
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type is the law from space to people, which
is the lawful relation between the spatial conﬁgurations that emergence from the ﬁrst type
of law and human movement and co-presence. And the third type is, for example, the
law that governs the ways in which microeconomic activity and residence have different effects on urban patterns.
These laws suggest a process of self-organization run by people making decisions
about building, moving, assigning land uses,
modifying space, and so on. In other words,
the growth of the city as an emergent spatial
pattern is the result of the human cognitive
picture of the local area and the way in which
movement facility between local places is affected by the larger spatial pattern people
can identify.
The theory also holds that, insofar as cities
are human products they tend to be universal, and insofar as they are products of culture, they tend to be differentiated. The individuality of cities arises because both of
these are partial orderings against a random
background, so a large number of idiosyncratic facts also shape cities. It shows how cities
tend to acquire common global forms through
micro-economic activity which is both universal and globalizing, and differentiated local
communities through cultural factors which
are both differentiated and localized. The assumption is that by understanding the spatial conﬁguration, planners can develop better
development plans.

THE METHODS OF SPACE
SYNTAX PRACTICE
Professor Tim Stonor, and others, has pioneered the creation of syntactic models for
over 25 years at Space Syntax Limited. This
modelling uses the increasingly sophisticated capabilities of 2D and 3D digital platforms
to produce ever more capable decision-mak-
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ing platforms. Much experience has been
gained during this time in the methods and
tools required to develop models that meet
the needs of public, private and community
organizations.
These are models can be used in a strategic
mode to robustly test the wide-scale urban
planning impacts of various options, but are
sufﬁciently detailed to inform architectural and
landscape design discussions at a later point in
the process. In other words, these models are
used to evaluate the likely impacts of planning
and design proposals on local places as well as
on the wider city. They work quickly to inform
constructive discussions, which might otherwise degenerate into protracted and emotional conﬂict. This expedites evidence-based decisions, giving local authorities or communities
ﬁrm grounds, for example, to negotiate design
changes with developers.
The software enables the simultaneous analysis and resolution of multiple, complex
issues, the input decisions on spatial layout
and land use allocation to outcome phenomena such as land value, movement, crime risk
and carbon emissions. The standard procedure takes the following actions:
Sense/survey – This process inputs useful ‘urban performance’ data such as the
demographics of a particular place, location of different types of retail, types of
employment and typical travel patterns as
well as ‘urban form’ data including spatial
accessibility, topography, building location,
capacity and condition.
Map – Data input into the program is spatially visualized. For example: it develop maps
that geo-locate the various urban performance and urban form characteristics.
Analyse – This part of the program uses statistical tools to search the data for patterns,
associations and correlations such as links
between observed pedestrian movement
data and spatial accessibility levels. It identi-
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ﬁes land use attraction created by shops and
transport nodes using custom algorithms.
React – The program results enable uses to
produce evidence-based policies, plans and
detailed designs.
Test – The program contains algorithm-based
predictive analytics to forecast the impacts of proposals in advance. For example,
infer via a model where residents are likely to want to travel to in the city and what
sort of uptake there might be for a new bus
route or cycle path. The analytics test different scales of movement for different layout designs, measuring the ﬁtness for purpose of each for walking, cycling and driving. In line with the layout design, land uses
are located so that movement-sensitive
uses such as retail, key public spaces and
major cultural attractions are placed where
movement is more naturally going to be.
This enhances their inherent attractiveness.
Syntactic models are used iteratively to
testing different layout ideas until a preferred
option emerges. The results of these forecasts
are used to discuss ideas with stakeholders,
to identify different options for changing the
area and for reviewing how a speciﬁc scenario would impact on the way the city works.
In practice, we have found that the sensing, mapping and analysis of datasets, as well
as the react and test, provokes an informed,
science-based reaction among policy-makers, planners and designers. In a similar way,
our experience is that stakeholders respond
more positively to objectively tested proposals – that are evidence-based and supported
by visualized analysis – than they do to instinctive, unsupported, opinion-based ideas.
In particular, we focus on human outcomes
above data inputs. The approach discussed
above is fundamentally concerned with the
social, economic and environmental impacts
of the planning and design process on people.
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THE KNOWLEDGE DOMAINS
OF SPACE SYNTAX PRACTICE
Space Syntax provides evidence-based planning and design solutions that span between
traditional industry sectors and address several knowledge domains, namely sustainability,
accessibility and social cohesion and inclusion.
Sustainability – Successful, sustainable places
rely on effective spatial layout. Understanding the effects of space on functional performance – in terms of passing trade, property value and natural surveillance – increases value and reduces risk in the development
process. From urban master planning to public space design, Space Syntax delivers proposals that anticipate use patterns and deliver the social, economic and environmental
expectations of stakeholders.
Accessibility – Patterns of movement and
space use are fundamentally inﬂuenced by
the conﬁguration of space and by the location of activity generators and attractors.
Space Syntax measures the levels of accessibility in existing and proposed environments.
From the design of safe street crossings to
multi-modal interchanges, Space Syntax
provides public and private agencies with
robust techniques for evaluating the social,
economic and environmental impact of accessibility proposals. This helps shape and
support ideas to improve accessibility for all
movement modes at every scale – from entire regions to individual streets.
Social cohesion and inclusion – The space syntax research has demonstrated the fundamental role of space in bringing people
together or keeping them apart. All users
of urban space – whether in cars or wheelchairs, on public transport, cycles or foot –
use spatial networks to move through towns
and cities. The way we design those networks can either enhance or inhibit the ability of people to move.
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We believe that the space syntax approach
sets a new standard for the planning and management of cities. Our experience shows that
there is a demand for urban analytics and modelling, as the following cases demonstrate.

THE URBAN VALUE PROJECT
Urban Value was born from a research project called the Intangible Values of Urban Layout (“iVALUL”), one of the largest projects in
the “UrbanBuzz” sustainable communities programme led by Professor Alan Penn at University College London (UCL). This project was led
by Space Syntax Limited and brought together over 20 public, private, higher education and
voluntary sector organisations, including The
Home Ofﬁce1, CABE2, SEEDA3, EEDA4, University of East London (UEL), UCL, GLA Economics5, Savills Research6, CBuchanan7 and JMP8.
i-VALUL aimed to reveal how urban layout inﬂuences urban value, both social & economic,
to develop evidence-informed evaluation tools
that map these intangible values and make
them tangible, and to transfers this knowledge
to a wider range of users through a collaborative process, including collaborative working
and software techniques.
Methods to quantify and measure the syntactic properties of urban layout have been developed by researchers at UCL. The basic unit of
analysis in the syntactic analysis of cities, is the
street segment between junctions. Two of the
most commonly used measures of urban layout
are integration, the potential of each segment
for to-movement from all others by mathematical closeness9 (or to-movement potential), and
choice, that for through-movement between
all others, by mathematical betweenness10 (or
through-movement potential). They are calculated under three deﬁnitions of distance –
shortest paths (metric), fewest turns (topological) and least angle change (geometric), and
under varying metric radii from each segment.
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Figure 1: Urban Layout Value Map of the South
East of England: the motorways and trunk roads
of the region are highlighted as red lines by
the analysis. At this scale the analysis identiﬁes
routes where destinations are likely to be far
apart but where the speed of travel is very high.

Figure 2: Spatial Accessibility Map of the
Greater London within M25: the distinctive
radial pattern of highly accessible routes
from the center to the edge, which is
created by the geometry of London’s street
network. Although we do not feed actual
vehicle movement ﬂows into the model, the
remarkable fact is that the spatial accessibility
pattern corresponds closely to the actual
pattern of vehicle movement in London. Not
only this, the pattern of spatial accessibility
also corresponds to the historic location of
land uses, with land uses that need more
movement, such as popular retail, locating on
more accessible streets and land uses that
require less movement, such as housing, on
less accessible streets.
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By using statistical models, the relationship
between socio-economic properties and syntactic features as the spatial index is quantitatively investigated and assessed. For example,
comparing to and through movement at different radii with real observed movement (which
usually produces an r-square relationship of
between .5 and .8) shows that a comprehensive model can be established to evaluate and
even forecast the movements related structural patterns in cities. In this way, it provides
planners, designers and community members
with tools to overcome barriers that currently
exclude spatial layout factors from being objectively assessed in terms of their social and
economic value impacts. These models have
been collected into the Urban Value toolkit and
are supported by training programs and materials. The toolkit is applicable at all scales,
from regional to local analysis.
In order to evaluate the layout value of a
particular place, a model is required that includes the wider urban context of that place.
In the past, urban economics models have
taken time to produce, which has added cost
and delay to the process. To overcome this, the
“i-VALUL” research project created a model of
the entire Greater South East of England. Adjusting the scale of analysis shows that there
is a relationship between spatial geometry and
speed. This enables us to assess accessibility
for different modes of transport. The technology displays highly-accessible, easy to use
routes as red and then orange links, through
to more weakly connected routes in green and
then blue.
The ﬁndings of i-VALUL, incorporated into
the Urban Value toolkit, have applications in
ﬁve main areas:

1. Town center vitality
(Partners: CABE, CBuchanan, JMP, UCL)
Town centers have a critical social and economic role to play and the layout of town cen-
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ters can enhance or diminish this role. Town
centers are expected to make major contributions to sustainable economic growth and
prosperity, environmental sustainability, delivery of affordable homes and social cohesion.
i-VALUL showed, in environmental terms, how
well laid-out town centers reduce the need for
travel and promote local activity.
For example, the ten centers11 were chosen
from a broad brush comparative study over 50
London centers in line with the following criteria, which were all intended to reach the best
compromise between ensuring that the sites
were comparable: 1) similar retail classiﬁcation more in line with the CACI12 classiﬁcation;
2) mainly retail uses at ground level; 3) similar
level of public transport accessibility to central
London; 4) availability of data on retail turnover and average turnover; 5) no signiﬁcant
off-street shopping malls in the study area. In
all the cases, the centers are spatially distinguished by the ratio between the average syntactic values of the segments in the center and
their context in different radii, called the center-context ratio. By establishing a multivariable regression model, this ratio statistically
correlates with pedestrian movement (with an
R-square of 0.584), average local expenditure
(with 0.586), and local population and employment density (with 0.452).
Based on the above study, total rateable
value of a center can be assessed or predicted
by the values of total ﬂoor area, average local
expenditure, local accessibility (measured by
choice 800m), as well as center-context ratio.
The two different kinds of center are therefore
proﬁled below.

a. Popular center
∙ The center is sharply distinguished from its
context on choice
∙ Which has high local population and
employment densities
∙ Has high rates of pedestrian activity
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∙ Success comes from numbers rather than
afﬂuence
∙ Larger, less street oriented shops

b. Selective center
∙ The center is more part of its context on
choice
∙ Has lower local population and employment
densities
∙ Lower rates of pedestrian activity
∙ Success comes more from high value and
local afﬂuence
∙ Smaller, more street oriented shops

2. Street quality
(Partners: CABE, CBuchanan, JMP, UCL)
i-VALUL built on the ﬁndings of the CABE
study, “Paved with Gold”, which found that
higher street quality could add 5% to property
values and retail rents. i-VALUL demonstrated
that the quality of any street is related to the
quality of the street network layout in which
it sits.

3. Residential property value
(Partners: Savills Research, UCL)
Street layout, in particular the spatial accessibility of a street, is a key factor affecting residential property value.

4. Residential security
(Partners: UCL, The Home Ofﬁce)
Good residential street layout design could reduce the risk of burglary and save a total social
cost of more than £8,000 per household over
the life cycle.

5. Personal safety
(Partners: UCL, The Home Ofﬁce)
Good residential street layout design could improve safety by reducing robbery in town centers and save a total social cost of more than
£9,000 per household over the life cycle.
The Urban Value toolkit is being used to sup-
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port the case for improving street layout design and to provide evidence of the likely economic returns to be gained from investing in
high-quality residential and town center street
layouts. It is helping to identify public sector
development priorities, offering private sector investors a greater level of conﬁdence and
a more secure framework in which to invest.

LONDON, OLYMPIC PARK
TRANSFORMATION
The London 2012 Olympic and Paralympic
Games have been recognized as London’s “single most important regeneration project for
the next 25 years”(MoL, 2011: 5) and are aimed
at narrowing the deprivation gap between the
Olympic Host Boroughs and the rest of London. In this context, the Games seek the creation of new public infrastructure on a massive
scale. For example, the movement network for
pedestrians and cyclists needs to be sufﬁcient
both during and after the Games, which means
that it must connect effectively into the wider
urban street grid, linking the Park with people
and facilities in the surrounding area, including
Stratford town center and the Stratford City retail development.
The public infrastructure is required to accommodate pedestrian, cycle and vehicle
movements, create convenient and safe connections, provide places for leisure and recreation, and ensure that commercial activity is located on and connected by an efﬁcient movement network.
The Olympic Delivery Authority (ODA) commissioned Space Syntax Limited to undertake
a spatial accessibility analysis of the Olympic
Park in its Transformation Phase, which covers
the two years following the end of the Olympic
and Paralympic Games (2012-2014) before the
Legacy Phase proper (2014 onwards). As Space
Syntax’s work revealed, the site of the Games
was spatially and socially segregated from the
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Figure 3: Local spatial accessibility model of the existing conditions: Spatial accessibility
model weighed by the metric distances from transportation nodes
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Figure 4: Summary of recommendations for the site: Diagram summarizes recommended linkages and locations for attractors/events.

Figure 5: View of the Olympic Park: The site is spatially segregated from the surrounding areas.

72

ISOCARP · REVIEW 11

SPACE SYNTAX: AN EVIDENCED-BASED APPROACH TO URBAN PLANNING & DESIGN

Figure 6: Spatial accessibility model for different phases: Phases from December 2012 to December 2013.
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Figure 7: A comparative assessment of existing site (left) and ﬁnal scheme (right): The existing condition has a poor secondary network
of movement routes; and the ﬁnal scheme demonstrates signiﬁcant improvements across entire movement system.

surrounding areas, which would weaken its
vitality after the Games.
In order to optimize the social and economic
beneﬁts after the Games, the spatial models,
which took into account locations of transport
nodes as movement attractors, were made
to explore potential linkages and locations for
attractors and events which would facilitate
to integrate the site into the wider context.
Based on these models, it was recommended
that the proposed designs for the Transformation Phase highlight the degree to which the
spatial accessibility could be improved at each
phase, as well as the key connections that
needed to be improved. The above analysis
and recommendations were communicated
with the ODA and incorporated within the revised public realm design proposals.
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THE EASTERN EXTENSION
OF THE BEIJING’S CBD
The current CBD of Beijing is characterized by
high levels of vehicle trafﬁc, high demands on
public transport infrastructure and energy-intensive buildings. People travel long distances
to reach the CBD and there is a high degree
of severance between the CBD and surrounding neighborhoods. There is a shortage of public open space and of convivial, non-commercial activities.
The China Academy of Urban Planning & Design (CAUPD) invited Space Syntax Limited to
create a “design union” to tackle these problems and, in doing so, to develop a radically different vision for the future. Working as a design
union, CAUPD and Space Syntax have created
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Figure 8: The site today: The above shows that movement across the site is largely car-dominated and frequently congested, and meanwhile
pedestrians are often forced into subways and onto footbridges to cross the road. The below illustrate numerous small pockets of vibrant, local
activity. The masterplan proposes a rebalancing of the movement system, away from the dominance of large-scale, car-borne journeys.
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a low carbon masterplan for the extension of
Beijing’s CBD – one that puts people ﬁrst.
The design union developed a vision for
Chaoyang, the larger area within which the
CBD is located, which consisted of ﬁve guiding principles. First, all plans should celebrate
the deep history of the district, including the
ancient movement routes and landmark buildings. Second, Plans should integrate new development with the existing CBD and the surrounding urban neighborhoods in order to embrace the wider city. Third, any plan should
include an element to promote a total energy
solution for the new CBD incorporating resource-efﬁcient consumption and renewable
energy generation. Fourth, the plan should establish a civic identity for the new CBD based
on human-scale streets and public spaces.
Finally the plan should balance historic preservation with redevelopment to create a harmonious historic continuity. Based on these
ﬁve points, the proposal created is an ambitious vision of realistic urbanism: to sustain life
everywhere, to create the national CBD and to
achieve a global inﬂuence.
In addition, a set of core design principles
were developed with CAUPD to guide further design development. The design principles were then brought together into a spatial layout that was tested and developed
using Space Syntax’s urban modelling technology. Six sketch schemes with different design priorities were embedded into the syntactic model of Beijing city. This helped the local
planners and designers to evaluate how those
sketch schemes would impact on the future
transportation and land use patterns of the
city as a whole. Based on those evaluations, a
comprehensive model was generated to assess
the different stages of design, and then a ﬁnal
scheme was created.
The overall vision is to create a new, low carbon environment that offers a place for human interaction and a stage for cultural cele-
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bration. Every building within this vision has
been designed to be a power station, generating energy and controlling emissions. The master plan includes sustainable transport systems in which pedestrian movement, cyclists
and public transport usage are encouraged by
connecting key routes for different transport
modes at every scale.

ENDNOTES
1 The Home Ofﬁce is a ministerial department of the Government of
the United Kingdom, responsible for immigration, security, and law and
order.
2 The Commission for Architecture and the Built Environment (CABE)
was an executive non-departmental public body of the UK government,
established in 1999, and was merged into the Design Council on 1
April 2011. CABE was the government’s advisor on architecture, urban
design and public space in England.
3 The South East England Development Agency (SEEDA), was set up
as a non-departmental public body in 1999 to promote the region
and to enable a number of more difﬁcult regeneration projects which
otherwise might not take place. It covered Berkshire, Buckinghamshire,
East Sussex, Hampshire, the Isle of Wight, Kent, Oxfordshire, Surrey and
West Sussex.
4 The East of England Development Agency (EEDA) was a nondepartmental public body and the regional development agency for the
East of England region of England.
5 Greater London Authority (GLA) Economics provides expert advice
and analysis on London’s economy and the economic issues facing the
capital.
6 Savills Research provides advice and analysis to clients across the UK,
with specialists in commercial, residential and rural property research.
7 Colin Buchanan & Partners Ltd (CBuchanan) was a transport planning,
planning, urban design and economics consultancy in the UK.
8 JMP Consultants Ltd provides advice, technical assistance, design
and supervision services on transport planning, engineering and
environmental projects.
9 Closeness is a basic concept in topology and related areas in
mathematics. Intuitively we say two sets are close if they are arbitrarily
near to each other. The concept can be deﬁned naturally in a metric
space where a notion of distance between elements of the space is
deﬁned, but it can be generalized to topological spaces where we have
no concrete way to measure distances. Source: http://en.wikipedia.org/
wiki/Closeness_%28mathematics%29
10 Betweenness centrality is an indicator of a node’s centrality in a
network. It is equal to the number of shortest paths from all vertices to
all others that pass through that node.
11 Those centers are North Finchley (NF), Hampstead (HD), Swiss Cottage
(SW), Kilburn (KN), West Ealing (WE), Chiswick (CK), Walworth (WH),
Streatham (SM), Tooting (TG), Clapham (CM).
12 CACI is a provider of marketing information.
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Figure 9: Chaoyang Road, a historic boulevard: The connection between the new CBD and the existing business center is made along
Chaoyang Road. Designed as a major civic axis, the boulevard brings together people on foot and cycles with drivers of public and private vehicles.
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BACKGROUND
China is the most rapidly urbanizing country in
the world. Chinese cities have accommodated
more than 700 million people and are attracting another 30 million annually. Consequently,
China’s urbanization has attracted extensive
attention from academia, government, industry
and the general public.
Despite this attention, gaining a solid and unbiased understanding of China’s urbanization
has been difﬁcult due to a lack of information.
In the past, urban data were mainly produced
and maintained by government departments and
these reports were usually not accessible to the
public or to academic researchers. Now things
have changed a lot due to both the government’s
awareness of the importance of openly providing
data, and the emergence of new data sources to
related the development of information and communication technologies (ICT). The collection of
ICT sources, such as cell phone call records, big/
open data collections has been identiﬁed as an
important complement to conventional survey
data and data collected by various administrative departments. These new data sets facilitate
the understanding of both urban form and functions (Jia and Jiang, 2010; Goetz and Zipf, 2012;
Crooks et al., 2014). As a result, urban big/open
data, which a thought to correspond well to the
human-oriented “New Type Urbanization” in
China, have become a hotspot of Chinese urban
research. Furthermore, big/open urban data have
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been recognized as a viable and cost-efﬁcient
option for collecting urban feature as the data
infrastructure in developing countries is quite
insufﬁcient comparing with developed countries.
The application of big/open data has opened up
important development opportunities for urban
studies, planning practice and commercial consultancy in China.
Before further discussion, we would like to
provide a deﬁnition of big/open urban data to
be used in this report. The types of data should
meet two criteria: ﬁrst, it would characterize certain aspects of urban form and functions (Crooks
et al., 2014); and, second, it is openly accessible to the public. In terms of data sources, there
are generally three overlapping though different
sources of such data. The ﬁrst are ofﬁcial data
portals, enabled by the recent open government
initiatives which grant public access to previously
non-accessible data sources. The second are ICTbased big data initiatives, generating data from
mobile phone activities, vehicle trajectories, public transit smart card data, business catalogues, as
well as other smart city programs (Batty, 2012).
Such data enables researchers to capture urban
dynamics at very ﬁne spatiotemporal scales and
therefore gauge urban dynamics at ﬁner spatial
and temporal scales (Kitchin, 2014; Yue et al.,
2014). The third source is Volunteer Geographic
Information (VGI) and Crowdsourcing (Goodchild
2007; Crooks et al., 2014), which allows the general public to contribute to the urban data pool in
a ‘bottom-up’ approach. Examples of such data
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The simulated results in the BAU scenario for typical cities

Figure 1: Urban growth simulation of all Chinese cities under various scenarios
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type include collaborative VGI mapping platforms,
such as OpenStreetMap (OSM), and geo-tagged
social media applications, such as Foursquare,
Twitter, and Flickr (Liu et al., 2015).
Despite these positive changes, there are also
several challenges related to the use of big/open
data applications in urban studies and planning
in China. First, most of data sets were collected
for a given single city which makes them insufﬁcient to formulate knowledge on the universal
laws of Chinese cities. Second, visualization has
been highlighted for research using instant or
short-term big/open data, but very few studies
are for understanding cities using big/open data
accumulated for a long time, like two years. Third,
some studies aggregate spatial units into grids
and data are then reported using these grids. This
practice leads to the loss of the granularity. Lastly,
most studies have not been beneﬁtted by including crowdsourcing in the designing and execution
of academic studies nor have these data sources
been used to validate results.
In response to these challenges, we set up the
Beijing City Lab (BCL; http://www.beijingcitylab.
org), an online research network to produce and
store data about Chinese cities. The Beijing City
Lab (BCL) is a virtual research community dedicated to studying, but not limited to, China’s capital Beijing. The Lab focuses on employing interdisciplinary methods to quantify urban dynamics,
generating new insights for urban planning and
governance, and ultimately to the discovery of
the science of cities required for sustainable urban
development. The lab’s current mix of planners,
architects, geographers, economists, and policy
analysts lends unique research strength. Through
the endeavor of the core research team led by Dr.
Ying Long, BCL has been developing rapidly and
drawing a lot of attention from the urban planning community both in China and overseas.
BCL lays much emphasis on urban modeling and quantitative urban research at multiple
scales. Moreover, the research conducted by BCL
focuses on the living quality of human settlement
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in China and aims to provide both comprehensive measurement and the monitoring of China’s
urban development. Our research is expected to
support related policy decision making. Furthermore, BCL also works on spreading messages on
China’s quantitative urban research in the international research community. It has now become
one of the major gateway for foreign colleagues
to learn about the latest progress in urban research in China.
Besides publishing Chinese scholarly works and
data in international journals and platforms, BCL
also brings in the words of foreign scholars. For
instance, an interview about the past and prospect of urban modelling with Prof. Michael Batty,
the director of Centre of Advanced Spatial Analysis (University College London), was conducted
by BCL in 2013. Another event was the interview
with Sir Peter Hall to discuss China’s New Type
Urbanization.
Through the works of BCL we have identiﬁed
four major transformations of urban studies in
China under the above mentioned technological
and institutional background, which are transformation in spatial scale, in temporal scale, in
granularity, and in methodology. The transformations are further illustrated below.

MAJOR TRANSFORMATIONS
OF URBAN STUDIES IN CHINA
Transformation in Spatial
Scale – The Mega-Model
Existing Chinese urban and regional research
can be generally categorized by the scale of
study. The ﬁrst type is in-depth research on a
single city, for instance, the study of poverty
in Guangzhou City (Yuan et al., 2008) or the
study of the distribution of public facilities in Beijing. The second type is analysis on
the regional scale, which covers several provinces or the entire country and uses province
or county as the basic unit of analysis. An example of this type of research would be a na-
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Figure 2: Derived land use map of 297 cities using MVP-CA

Figure 3: Commute pattern in typical areas

ISOCARP · REVIEW 11

83

YING LONG · LUN LIU

tional macroeconomic study. Most existing research is not able to achieve both regional scale
coverage and high spatial resolution. In other
words, the wide coverage of the study area is
usually achieved by sacriﬁcing details, while indepth studies usually cover a relatively much
smaller area.
To resolve this problem, we have developed
a methodology capable of maintaining both
a ﬁne resolution and the capability to conducting research at the national or regional
scale (Long & Shen, 2014). Termed the megamodel (or big model), this method is an effective tool for quantitative research, driven by the
availability of big/open data and implemented
through straightforward modelling approach
(Long et al., 2014b). The resulting capability
presents a new paradigm of urban and regional
study (Hunt et al, 2005; Wegener, 2004; He et
al., 2012). The subjects of mega-modeling are
usually urban systems containing several cities, but by using this modeling method we can
examine both the development of individual
cities within the larger study area as well as the
networking among cities.
Here we present two applications of the
mega-model methodology. The ﬁrst is the
MVP-CA (Mega-Vector-Parcels Cellular Automata) Model which has produced detailed
estimates of urban growth of all Chinese cities at the parcel scale. The full Model simulates
the growth of all 654 cities in China in the next
ﬁve years under various developmental scenarios (Long et al., 2014).
The second application of MVP-CA generated land use maps for 297 cities using street
maps and POI (Point of Interest) data. This
project was undertaken to overcome the unavailability of open land use data in China. It
aims to provide free and open land use data for
researchers. The layouts, land use functions,
urban boundaries, densities, and degrees of
land use mix are all identiﬁed as a result of the
modeling (Long & Liu, 2013; Long & Shen, 2014;
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Long & Liu, 2015).
In our methodology, OpenStreetMap data
are used to identify and delineate parcel
geometries, while Points of Interest are gathered to infer land use intensity, function, and
mixing at the parcel-level. To be more specific, ﬁve steps are involved. First, parcel boundaries are delineated with OSM. Second, land
use density is calculated as the ratio between
the counts of POIs in/close to a parcel to the
parcel area and then standardized to a range
between 0 and 1. Third, urban parcels are identiﬁed from all generated parcels with a vector-based constrained cellular automata (CA)
model. Fourth, urban function for individual
parcels is identiﬁed by examining dominant
POI types within the parcels, which refers to
the POI type accounting for more than 50%
of all POIs within the parcel. The last step, the
results are validated against both conventional
manually collected parcel data and Ordnance
Survey data.

Transformation in Temporal Scale
Another breakthrough is the dynamic analysis of urban development. The data sources
of conventional urban study and planning are
mainly governmental statistic annals and selfconducted surveys, both of which are crosssectional data at a single time-point. Moreover, due to the limited sampling technique,
the spatial coverage of data is also limited.
On the contrary, big data, such as bus/metro card records and taxi GPS traces, are able
to reﬂect the dynamics of the urban system
in minutes and seconds, which are obviously advantageous in consistency, wide coverage, and comprehensiveness. By combining
these big data sets the limits of conventional
urban study and research are solved (Long et
al., 2012; Bagchi & White, 2004; Joh & Hwang,
2010; Jang, 2010; Roth et al., 2011; Zhou et al.,
2007; Dong et al., 2009; Peng et al., 2007;
Yang et al., 2009).
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Figure 4: Distribution of population density at sub-district level in 2010

Figure 5: Population density ratio between 2000 and 2010
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After being accumulated for a certain period, big data also can reﬂect the long-term
changes and trends of urban development and
life style over time. For instance, Long (2012)’s
research on a week’s bus card record of Beijing residents involves more than 10 million
card holders and more than 100 million records, with which the commute pattern and the
urban structure of Beijing are identiﬁed. The
research indicates that more than 95% of fulltime jobs are longer than six hours a day and
99.5% of people start their daily travel from
their own homes. It also demonstrated that
the inﬂuential area of the CBD is much larger
than either the Shangdi technological cluster
(a high tech boom town part of Beijing) or the
“Financial Street” in Beijing. A further comparison of the records in 2008 and 2014 shows
that the total bus trips are reducing and being
replaced by metro rail trips. Moreover, having
identiﬁed lower income people, from related
socio-economic surveys, we found that they
usually spend more time on bus and that they
are more transient than expected. For example, 80% of these people move their homes
within six years and 87% change jobs, which
means that they live quite an unstable life. It
therefore reminds us to give more consideration towards this group of people in “urban village” regeneration, public housing design, and
urban design.

Transformation in Granularity
Previously, lots of conventional urban planning
and policy making was “building-oriented”,
which led to various social, economic and environmental problems caused by over-development. In response to this situation, many
Chinese cities have put forward plans of smart
growth and replaced the large expansion projects with small-scale urban regeneration and
redevelopment projects. In such circumstance,
planning techniques that function at large spatial scale are less useful, which gives rise to the
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need to develop planning information at ﬁner
scales. This new type of urbanization is deﬁned
to be human-oriented urbanization, which lays
much emphasis on the human scale and the
granularity of research.
An example of research with higher granularity is our study of the dynamics of nationwide population density at the town/sub-district scale. Our study reports that one third of
the country’s land is sparsely populated, due
to the aggregation towards big cities and city
centers. Besides the well-known phenomenon
of decaying village (Liu et al., 2009), we also
found a trend of declining populations in 180 of
the 654 Chinese cities. This ﬁnding is informative for planning practice in China, which has
always assumed that population growth would
continue. With the recognition of this declining
trend, the goal of planning in those 180 cities
should no longer be land expansion, but the enhancement of residents’ living quality. Another
related issue is the so-called “ghost city” effect in several Chinese cities where large newly
constructed areas remain vacant as a result of
over-construction. Such places can be identiﬁed by evaluating the intensity of internet activity on Baidu map (Chinese version of Google
map) and Weibo (Chinese twitter). The housing vacancy rate can be thus calculated for all
cities with big data, from which the inﬂuencing
factors and certain rules of urban development
can be derived for use in policy making.
Another study reliant on big data found that
50% of all developments in Beijing are informal
or illegal, with no planning permission; while,
on the other hand, 95% of people’s activity and
mobility is still within the planning boundary. It
indicates that the planning control is quite effective in the social sense, despite of its ineffectiveness in the physical sense.
The third example is a nationwide sub-district-scale analysis on the exposure to PM2.5
pollution1. We relate satellite-based Aerosol Optical Depth (AOD) retrievals to ground-
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Figure 6: Ratio of shrinking of Chinese cities between 2000 and 2010

Figure 7: Urban environment at ﬁne spatial scales: The number of polluted months in a year for each Chinese sub-district violating national PM2.5 standard.
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Figure 8: Exposed days in each month for each sub-district
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based PM2.5 observations. We use the sub-district level population data to estimate and map
the potential population exposure to PM2.5 pollution in China at the sub-district level, the
smallest administrative unit with public demographic information. During April 08, 2013 and
April 07, 2014, China’s population-weighted
annual average PM2.5 concentration was nearly 7 times the annual average level suggested
by the World Health Organization (WHO).
About 1,322 million people, or 98.6% of the
total population, were exposed to PM2.51 at levels above WHO’s daily guideline for longer than
half a year.

Transformation in Methodology
Similar to the trend of crowdsourcing in data
collection (VGI), there is also a trend to use
crowdsourcing to conduct urban research.
For instance, it is almost impossible for a single research group to conduct detailed ﬁeld
work to measure socio-economic and spatial transformation changes in all 180 shrinking Chinese cities. Therefore, we propose the
use of crowdsourcing as a new research paradigm. BCL has proposed several crowd-sourcing projects including the ﬁeld survey in shrinking cities and counties, and the veriﬁcation of
the urban growth simulation by MVP-CA.

CONCLUDING REMARKS
AND DISCUSSION
In this short report, we present several major changes and challenges in assembling big/
open urban datasets for Chinese cities, and
showcase our attempt to apply big/open
urban data to understand China’s urbanization.
This new data environment has been drawing
more and more attention from both researchers and planners, since it enables detailed observation of individuals’ activities in the urban
space. These detailed data could be applied to
provide helpful information for the decisions
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on heated topics such as urban regeneration,
shrinking city, public participation, etc., as well
as provide new developing opportunities for
urban study, planning and design, construction, and commercial consultancy, which correspond to the human-oriented development
strategy to the central government’s New
Type Urbanization policy.
Several Chinese urban research and planning
institutes have started to conduct quantitative
urban research using this new information, in
addition to work underway at Beijing City Lab.
Recognizing that the new data are able to
cover large geographic area in ﬁne resolution,
we proposed the mega-model, a new regional and urban research paradigm. Meanwhile,
we have also identiﬁed four transformations
in quantitative urban research, namely transformation in spatial scale, in temporal scale, in
granularity, and in methodology, which are all
centered on the improving people’s quality of
life. However, there are also several issues that
we need to pay attention to.

Dealing With Data Bias
This issue has been repeatedly discussed since
the emergence of big/open data. For instance,
the studies on urban residents’ happiness using
geotagged Weibo are suffering from data bias
on several aspects, including the duplicity of
Weibo senders, the limitations of natural language processing technology, the representativeness of Weibo senders, and the black box
of Weibo API, all of which bring doubts about
the reliability of such Weibo-based studies.
There are a few strategies to tackle this problem. The ﬁrst strategy is to make use of the
data bias. For instance, recognizing that lowincome people are more likely to travel more
frequently by bus, we studied the travel behavior and the change of residence and work
locations of low-income people from 2008 to
2010 with smart card data (SCD). The second
strategy is to study the behavior of special
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groups, such as our study on the travel behavior of university students and four extreme social-economic groups in Beijing. The
third strategy is to combine these big data
with other data types to improve the stability
of research results. For example, we combined
SCD, travel survey data, social website checkin data, and taxi GPS data in our study Beijing
which found that more than 95% people conduct their daily life within the planning boundary. The last strategy is to use more than one
dataset to complement each other, thus depicting the whole urban system.

Short-Term Data Visualization
vs. Long-Term Data Exploration
Most data used in current research are collected in less than one week instead of years.
Moreover, some research is merely data visualization. Comparing with the new data, conventional data, such as yearbook data, can reﬂect the transformation of the urban system
over the years. However, the situation would
change a lot with the accumulation of new
data, which could lead to quite different research results. For example, one-day records
of credit cards can be applied to identify the
patterns of consumption, one-month’s records might help identify the inﬂuence of festivals, while a year’s records can further manifest the impacts of technological progress on
consumption. Such a research trajectory is reﬂected in our research with SCD from 2008
to 2014.

Current Situation Analysis
vs. Future Planning Support
Up to now, there is more existing research
aiming at analyzing the current situation
of urban systems than evaluating their future development. This situation needs to be
changed. In order to provide effective guidance to urban planning and design with the
new data and research methods, we have proposed a new methodology named Data Augmented Design (DAD).
DAD is a planning and design method based
on quantitative urban analysis, which provides whole-process tools for ﬁeld survey, information processing, design, and short-term
and long-term evaluation. DAD aims at enhancing the scientiﬁc base of design, to guide
the creativity of planners and designers. To
be more speciﬁc, DAD is a new design method that emphasizes the inspiration power of
quantitative analysis. We expect DAD to reduce the working load of designers and thus
let them focus on creative instead of repetitive work, and at the same time improve the
measurability of design. Moreover, DAD is
simple and straightforward, which makes it
convenient to be generalized but also sensitive to the specialty of each project.
Acknowledgement: We thank Dr. Xingjian Liu for
his comments on the earlier manuscript of this
report. Our thanks also go to all BCL members
with whom we conducted academic studies summarized in the report.

ENDONOTE
1 PM2.5 refers to ﬁne particulate matter in the air with diameters less
than 2.5 micrometers. These ﬁne particles are believed to present the
greatest health risk.
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OVERVIEW OF TURPAN

PROJECT BACKGROUND

Turpan is a prototype energy city. It represents
holistic thinking about the development of low
carbon cities, research about and the utilization
of renewable sources of energy. It incorporates
new research into ways to save energy during
power generation, distribution and storage. The
work focuses on solar photovoltaic and solar
thermal, after taking into account the combination of reserve and biomass energy conditions.
Located on the ancient Silk Road, Turpan is
within the Mongolian City of Urumqi’s economic
circle. The Demonstration City is located to the
East of the old town and neighboring with the
world-famous Grape Valley. The site, planned
for completion in 2020, covers an area of 8.81
square kilometers and will provide places to live
and work for 60,000 people of all nationalities.
Its climate belongs to the warm - temperate arid
desert climate zone, whose main feature is hot,
windy and dry weather.
To be built in phases, the ﬁrst construction
phase covers 1.43 square kilometers. This ﬁrst
phase construction program calls for the construction of 754,000 square meters of space, mainly
for low-cost housing, with volume ratio of 0.87, a
green area rate of 36.2. This initial program calls
for the construction of 6,988 households designed
to house a population of 22,362 people.

Rapid modern human development has been
achieved through the consumption of traditional energy sources like coal and petroleum.
Now climate change threatens human society
and adjusting the development pattern is essential to mitigate climate change problems. To
sustain environmentally friendly rapid urbanization in China requires the development for an
innovative use of energy.
Before the international climate conference
in Copenhagen in 2009, the Chinese government put forward speciﬁc greenhouse gas reduction targets for the ﬁrst time. China is committed to reduce its carbon intensity (CO2 per
unit of GDP) by 40% to 45% in 2020, and to
increasing the proportion of non-fossil power
up to 15%.
Turpan was created as the Demonstration City of National New Energy in 2008 and
serves both as a pilot project, with a focus on
renewable energy scale use, and as a laboratory to initiate new research on sustainable
urban development.
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Process of Research
Turpan City (also referred to as “New Area”)
was launched as a research project by the Sustainable City Development Research Center,
which started the planning and design. This research Center was formed by the China Science Center of International Eurasian Academy
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Figure 1: Location of Turpan on the map. Source: https://en.wikipedia.org/wiki/Turpan

Figure 2: Planning Map of Turpan
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of Sciences, Beijing Institute of Architectural Design, China Electronic Engineering Design Institute, Wind and Solar Energy Resources Center of China Meteorological Administration, Guangzhou Urban Planning and the
Survey Design Research Institute. The research
center participated in the overall plan for the
city as well as the ﬁrst phase of construction.
In its ﬁrst four years the research center has
completed dozens of study reports.
The planning of the New Area is divided into
two phases. The ﬁrst phase, from October
2008 to July 2009, consisted of the planning
study and mainly focused on research on industry development, regional ecological building, urban space strategy and green transportation system development.
The second phase, from June 2009 to January 2012, was the key technology research
stage where analyses were carried out on solar
resource, integration of construction and solar
design, micro-grid systems based on meteorological observation and photovoltaic power
generation, and green transportation based on
solar energy. Then, research was carried out
on building integrated renewable energy application, measurement and prediction technology of solar resources, micro-grid control
mode model and green development based on
a comprehensive study of the application of
renewable energy.
During its various stages of study and implementation, Turpan New Area, received both
government’s policy support as well as ﬁnancial support from the national ministries and
the Xinjiang Autonomous Region government
in Turpan area. The research center itself was
funded by the Energy Foundation’s China program group to insure the advancement of the
project.

Project Description
The City will be implemented using innovative
systems and mechanisms and utilize leading
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urban planning and architectural design standards. Because of its location on sand dunes,
the goal of Turpan New Area is to make full use
of solar energy, geothermal and other renewable energy resources. The plan is to achieve
this goal is to adhere to the integration of new
technology approaches, the meteorological
measurement and forecasting, planning, architectural construction, micro - grid management, green transportation, and other professional specialties to achieve sustainable
development.
The project includes many challenges including: 1. the organic combination of solar energy
technology and planning, as well as green
building; 2. the improvement of the efﬁciency
of power generation; 3. the intelligent management of Micro grid integration with the
meteorological measurement and forecasting; and, 4. the development of safety procedures for the large scale power grid and domestic usage. These issues are not unique to
Turpan City but represent the current difﬁculties and key point for solar power generation in
China and the world. The project is being designed to achieve the optimal combination of
green transportation and energy storage and
peak shaving through the use of electric vehicles and electric bicycles. The waste efﬂuent
treatment system in Turpan New Area is in line
with state of the art technical standards.
The entire project gives full play to the role
of market mechanisms, taking into account the
implementation of economics to beneﬁt ordinary people. Turpan New Area started with
technology research. The result of this research guided the development of the physical
plan for the City. Turpan New Area is a comprehensive new plan to form the space structures
of “one center, one axis, one industrial park,
ﬁve corridors and ten districts “. This means
that the plan calls for the creation of 10 areas
referred to as districts, each with a different
theme, such as a public service district; a tour-
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PARKING SYSTEM
OF TRAFFIC BYPASS

ROAD NETWORK WITH
SMALL GRID AND SMALL SCALE

ism service district; a commercial business district; an agricultural demonstration district and
so forth. In addition, the City has a center consisting of a plaza and a service center. The axis
of the city is the service center, the cultural industry and the central park. Five green corridors will be built to form a green belt system.
The trafﬁc planning of New Area adopted a
concept of “public bus priority, slow trafﬁc as
a led “. This system provides extensive electric
bus service to promote the use of urban public transportation. It also encourages walking,
cycling, and other slow speed transportation
modes. The system is designed to relieve trafﬁc congestion, reduce vehicular exhaust and
thus create a comfortable, safe, convenient,
clean and quiet urban environment.

COMMUNITY GREEN PUBLIC
PASSENGER TRANSPORT

DESCRIPTION OF THE
MIRO-GRID AND SOME
OF ITS SELECTED ELEMENTS
Content of Micro-grid

SLOW-MOVING-TRAFFIC SYSTEM
UNDER GRAPE GALLERY TRELLIS

Design principle of micro-grid

Figure 3: Trafﬁc Planning
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The Photo Voltaic (PV) system is designed according to these maximum output principles;
1. The PV output feeds local loads according
to their proximity; 2. It then feeds the residual power to storage and to the grid; 3. When
there is a lack of PV power or at night, the
system is charged from the main grid or from
storage; 4. The system uses battery storage
to reduce the peak and valley ﬂuctuations in
the demand; 5. The system reduces the impact to the main grid and to in grid-connections by using an energy management system.
As a result of this design power supply stability, reliability and economic efﬁciency are improved for the residents.
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Structure of micro-grid
The Turpan micro-grid demonstration project
includes: 13.4MWp rooftop PV generation system, electric vehicle charging station, 1MWh
storage system, energy management system,
PV power forecast system and other ancillary
works, etc.

PV generation system
The aim at Turpan is the optimization of solar
energy resources application informed by
forecasts of the local meteorological conditions. The analysis of solar energy resources
in Turpan area resulted in the development of
a lower density, best architectural layout. This
city design is oriented to the south with 3 degrees east as the best building orientation and
deﬁnes the optimal tilt angle for solar panels
to be 30-35 degrees. The solar photovoltaic
systems are integrated into the construction
and design of the development.
According to local characteristics, in this
ﬁrst phase area the architectural design uses

Figure 4: Building PV generation system
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comprehensive application of green design
strategies, including daylight, natural ventilation, high performance envelope, and shading, in order to reduce energy consumption.
In addition, solar energy resources are optimized by enabling solar water heating to be
managed by the user while solar power is controlled by a uniﬁed management system which
uses the principle of user measurement, regression using.
According to project calculation, the existing
electricity consumption of the local residents,
taking into account the growth in usage, will
be in balance with the power provided by solar
sources.
The electricity generation center of the
New Area is built in the power load center,
structuring a micro - grid, connected with a
switching station and the city gird. Through
dispatching management, local users have the
priority to use roof top photovoltaic power,
and feedback the remaining power to the city
gird, while supplemented the power by the
city gird when roof top photovoltaic power
generation is not enough.

Charging station

Figure 5: Charging station
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Under the principles of “people-oriented, bus
priority, slowness, and low-carbon energy”,
the city plan proposes a green transportation
system with no carbon emission, a safe and
smooth road running system and a convenient and pleasant transportation service system. An important part of the green transportation, bus station and charges pillars are set
up in the New Area. Electric public buses use
energy storage system for charging the battery during the intermittent operation. This
strategy plays a role in energy storage and
peaking energy conservation for the microgrid in the New Area.
Charge stations are located in the ﬁrst
phase area where there are 22 charging carport in each station. The main function of
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the charge station is to provide 24 hour sufﬁcient power to the green bus to ensure the
routine operation. AC charge spots supplied
by the 10kV grid, provides DC current to the
electric buses. There is a quick charge and a
slow charge modes. The Quick charge mode
is more convenient and facilitates greater use.
The convenient (slower) charging position
provides convenient and quick transportation.

Storage system
A storage center with the area of 1000 meters square is planned. The storage system design capacity is 1WMh, with connection point
10kV and 50Hz. The main function of the storage center is to improve power quality, adjust
solar power curve and smooth grid-connection. It could also supply ﬁrst and second class
loads when the PV power and main grid supply need to be augmented. Meanwhile, it will
adjust the power in the micro grid to make it
relatively equilibrium.

Energy Management System
An intelligent micro-grid energy management system is proposed to accommodate
the solar power generation characteristics of
low power density, weak schedulability and
low peaking capacity adjustment. Based on
the solar energy resources measurement and
forecasting system, this energy management
system is built to meet the requirements of
micro-grid users on power quality; and to enhance security and stability of the city grid.
New Area also has an energy storage system in order to ensure the safety of the city
grid, to improve the power quality, to adjust
solar power curve, and to smooth grid-connection. When needed this system also provides emergency power.

CLOUD OBSERVATION INSTRUMENT
(CLOUD AMOUNT)

VISIBILITY METER
(AEROSOL)

Power Forecasting System
Solar energy and photovoltaic power forecasting system is a highlight in the New Area.
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RADIATION OBSERVER (30/43)
Figure 6: Power Forecasting System
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Based on numerical weather prediction model,
the system can forecast the variation of solar
energy and PV power 24 hours into the future,
with 15 minutes interval, reﬂecting the change
of weather systems in Turpan region. The system is also an important means of securing
the power network. Turpan Solar Energy Resource Observation Station which was ﬁrst designed and constructed for solar energy utilization in China. Resource Observation Station is
a high - grade weather station, and will be developed into a test center for variety of solar
power generation efﬁciency in the future. Actual operation shows the forecast is very accurate, up to 87% in sunny days and 70% in
cloudy days, which provides a guarantee for
the use of solar energy.

Operation Mode of Micro-grid
This project adheres to market principles, rather than simply relying on government subsidies. Construction and operation of the project is carried out by enterprise instead of government, and certain tariff subsidy standards
were identiﬁed by bidding. The investment
cost of solar panels is not passed on to the
residents, but by balancing the power price.
Micro-grid demonstration project implements an independent management of investment, construction and operation. The
Longyuan Corporation is responsible for investment. Xinjiang Power Grid Corporation
and Turpan new green energy company built
up an independent company responsible for
managing the micro-grid project construction and operation management.
The entity is responsible for power supply to users in the region but is relatively independent with the power grid enterprise in
the process of electricity settlement. Microgrid power is operated under a self-occupied
mechanism and it is balanced with power grid.
Photovoltaic power generation is subsidized
in accordance with state regulations.
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CONSTRUCTION
AND ACHIEVEMENT
Turpan New Area was listed as “harmonious eco - urban and urban - rural integration demonstration of the autonomous areas”
in March 2009 by the Government of Xinjiang Uygur Autonomous Region of China.
The overall plan was approved by the Government of Xinjiang Uygur Autonomous Region of China in July 2009. In April 2010 it got
the reply letter from National Energy Administration on “Creating a Demonstration City of
National New Energy in Xinjiang”. In January
2012, it got the approval from” National Development and Reform Commission, National Energy Administration and State Electricity
Regulatory Commission on “the Demonstration Project of Micro - grid Net in Turpan, Xinjiang as the City of New Energy”, and became
the ﬁrst photoelectric intelligent pilot project
on micro - grid in China.
In May 2010, Turpan New Area ofﬁcially
started the construction on an initial 750,000
square meters of housing. This project included
the installation of 13.4 MW photovoltaic capacity, construction a demonstration control
building of new energy technologies, a zero
energy showroom. This work was in operation
at the end of 2012.
The main innovation of this project is below:
1. With its focus on solar energy, exploration
of comprehensive utilization of renewable
energy in line with the direction of urban
sustainable development in China, the project is a positive and innovative response
to the current global climate challenges.
2. The project is the most comprehensive
utilization of solar energy and technology
integrated into an urban plan incorporating green building, meteorological prediction, intelligent micro – grid, green transportation, and the establishment of a new
energy system and management model.
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Figure 7: Project plan chart
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3.

4.

5.

6.

7.

8.

The project achieved a coordinated development between land, environment
and resources by giving fully play to the
regional advantages, starting with the
concept planning.
City power center is combined with load
center, constructing the local power generation, local absorptive, dependency city
grid, dynamic balance, intelligent control
as the combination model of generation,
transformation and power supply, structuring the regional buildings complex distribution generation systems, exploring
the minimizing loss path of power supply and distribution, integrating relatively
independent power generation and supply of resources, and optimizing of energy
supply type in China.
The Combination of “meteorological measurements” and “ micro - grid dispatching” to establish the solar energy
observation station, predict the meteorological conditions for solar power generation is an innovative infrastructure
practice.
Use of green transport charging systems
with supply - demand balance of micro
– grid, concerning the local situation and
to disseminate green transport system
and promote the use of electric vehicles aimed at “cost affordable, economically sustainable “as Targeting all in accordance with economic and technical characteristics of electric buses, raise up useful
recommendations.
The design applied in the indemniﬁcatory multilayer residential buildings to let
common people use the power preferentially than the conventional powers.
The Project should have a forward-looking, innovative planning and design in the
content and methods, to explore a new
road for the urban planning system and
the mechanism.
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EXPERIENCE
Cities are not only the focuses of solving social problems, but also keys to enhance the national capacity for sustainable development.
After summarizing the experience of Turpan
project, combining with advanced concepts
of outstanding cities at home and abroad, we
ﬁnd some common features worthy of our
attention.
First is the leading role of urban planning.
Good urban planning is a forerunner of urban
development, which can lead scientiﬁc orientation and scientiﬁc development, and can
promote the harmonious development between man and nature.
Turpan project highlights the local culture as
the main line. Scientiﬁc orientation is an important prerequisite for the transformation of
urban planning. Under the guide of scientiﬁc
concept of development, sustainable development is regarded as a fundamental objective in
the process of urban transformation. Scientiﬁc
planning and uniﬁed planning is the basic principles of urban planning, which promotes the
rapid improvement of core competitiveness.
Second is the important value of building
energy efﬁciency. Improving building energy
efﬁciency is a basic national policy of China.
Rational and efﬁcient use of energy in construction, constantly promotion of building
energy efﬁciency has become an irreversible
trend in China and in the world. It has an important signiﬁcance to alleviate China’s energy
shortage situation.
Turpan attaches great importance to building energy efﬁciency. Energy-saving materials are actively used, technical skills are actively developed, and energy-saving buildings are
promoted. These all provide important guarantee for sustainable development of economy
and society.
The last is the bright future of micro-grid.
The proposal of micro-grid is to solve technic-
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al, market and policy problems brought by the
connection of distributed power and large grid.
In order to maximize the advantages of distributed power technologies in the economic,
energy and the environment, many countries
regard micro-grid as an important part in the
future development of smart grid. Micro-grid
can best accept distributed power, improve reliability, and meet the needs of power quality
by multi-users, ﬂexibly, inclusively, economically, and autonomously.
On the basis of China’s actual demand and
on the purpose of practical and commercial
use, Turpan takes full advantage of micro-grid
by technological development and innovation.
By now, micro-grid has played an active role in
the process of urban construction.
We ﬁrmly believe that a Demonstration City
of National New Energy - Turpan Sun City will
stand in western part of China, expected to
become new energy science and technology
city of the country.
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EMERGING ISSUES

CLIMATE CHANGE AND ACTION
PLANNING TO INCREASE RESILENCY
EBRU GENCER · RIC STEPHENS · ERIK JOHANSON

Melting Qori Kalis glacier, Peru. Qori Kalis is the largest outlet glacier of the world’s largest tropical ice cap, the Quelccaya Ice Cap, which
lies on a plateau 18,670 feet (5,691 meters) high in the Andes mountains of south central Peru. In 1978, the glacier was still advancing. By 2011,
the glacier had retreated completely back on the land, leaving a lake some 86 acres in area and about 200 feet (60 meters) deep.
Source: Dr. Lonnie G. Thompson, Distinguished University Professor, Byrd Polar and Climate Research Center, The Ohio State University
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This article explores climate change and action
planning to increase resiliency in urban areas.
It starts by describing climate change and its
impacts on urban areas, and continues by discussing various levels of intervention actions on
climate change ranging from intergovernmental
processes to regional, national, and local level
action plans. The article concludes by providing
a case study from Philadelphia (USA) and summarizing what climate action plans means for
resiliency and sustainability in urban areas.

CLIMATE CHANGE AND ITS IMPACT
ON URBAN AREAS1
Climate change “refers to a change in the state
of the climate that can be identiﬁed by changes
in the mean and/or the variability of its properties, and that persists for an extended period,
typically decades or longer”2 Climate change is
expected to affect the intensity and the frequency of extreme climatological and hydrometeorological events. It also is expected to
“amplify existing risks and create new risks for
natural and human systems,” that result from
“the interaction of climate-related hazards (including hazardous events and trends) with the
vulnerability and exposure of human and natural systems, including their ability to adapt”3.
Today more than half of the world’s population lives in urban areas and this share is expected to be 75 percent by 20504 , making climate change adaptation and disaster risk reduction in urban areas more crucial than ever.
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Furthermore, the 5th Report of the
Intergovernmental Panel on Climate Change
(IPCC) projects with very high conﬁdence
that “climate change is to increase risks for
people, assets, economies and ecosystems,
including risks from heat stress, storms,
extreme precipitation, inland and coastal
ﬂooding, landslides, air pollution, drought,
water scarcity, sea-level rise, and storm
surges” in urban areas, especially for those
“lacking essential infrastructure and services
or living in exposed areas”5. In addition,
according to Climate Change 2014 Report by
the IPCC6, there is very high conﬁdence that
“[d]ifferences in vulnerability and exposure
arise from non-climatic factors and from
multidimensional inequalities often produced
by uneven development processes.” Indeed,
the embedded conditions of socio-economic,
spatial and institutional vulnerabilities in
cities, including inadequate capacity and
unstable governance structures, sub-standard
infrastructure, built-environment and urban
services, as well as socio-economic inequalities
leads to increased vulnerability and risk from
natural hazards and the impacts of climate
change in urban areas.
The IPCC7 also reports that “settlement patterns, urbanization, and changes in socioeconomic conditions have all inﬂuenced observed trends in exposure and vulnerability to
climate extremes,” and that “[u]rban climate
change risks, vulnerabilities, and impacts are in-
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Drought, Arizona and Utah. Prolonged drought coupled with water withdrawals have caused a dramatic drop in Lake Powell’s water level.
These images show the northern part of the lake, which is actually a deep, narrow, meandering reservoir that extends from Arizona upstream
into southern Utah. The 1999 image shows water levels near full capacity. By April 2015, the lake had dropped to 42 percent of capacity. Images
taken by the Landsat series of satellites. Source: NASA’s Earth Observatory

Table 1: World Urbanizations Levels and Projections (Gencer 2013a)

World

CAC

Africa

Europe

Asia

Urbanization Levels (%) 2010 (Gencer 2013a)

57.27

61.87

43.52

70.71

56.07

Rate of Change (2010-2020)

0.98

0.65

2.20

0.35

0.80

Rate of Change (2020-2030)

1.10

0.77

1.40

0.46

0.90

Data Source: Calculated and drawn from raw data in UN-DESA 2010.
“World Urbanization Prospects: the 2009 Revision,” United Nations, New York.

REGIONAL DISTRIBUTION OF DISASTERS(1983-2012)

Figure 1: Regional distribution of natural disasters, 1983-2012 (Gencer 2013b, 9).
Data Source: Raw data collected from EM-DAT: The OFDA/CRED International Disaster Database.
Brussels, Belgium: Université Catholique de Louvain, Center for Research on the Epidemiology of
Disasters (CRED) <http://www.em-dat.net> (Accessed 2012).
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creasing across the world in urban centres of all
sizes, economic conditions and site characteristics”8. However, certain regions of the world
experience higher urbanization levels than
others. For instance, currently Central America, the Caribbean (CAC) and Europe are the
most urbanized regions in the World; however,
it is projected that within the next decades, African countries will face higher projected urbanization levels (see Table 1)9. Coupling with
the existing vulnerabilities in the region, African nations are expected to have high risk from
disasters, particularly from hydrological, climatological and biological events (see Figure 1
for current distribution rates for disasters per
region).
In addition to urbanization levels, the size,
functions and geographical location of cities
also impact their risk from hazards and the impacts of climate change. In their World Risk Report 2014, the United Nations University Institute for Environment and Human Security
(UNU-EHS) has classiﬁed nations in 10 different groups categorized by level of urbanization, level of income, average urban population
growth per year, and per capita GDP growth
per year10. Similarly, in the chapter discussing
urban areas, the authors of the IPCC 5th Assessment report have stated that there are “diverse
physical and societal challenges and large differences in levels of adaptive capacity”11 between case studies and regional reviews assessing urban vulnerabilities to climate change.
While, “[t]he global distribution of urban risks”
is stated to be “highly context speciﬁc, dynamic, and uneven among and within regions”
(ibid.), “[a]bsolute exposure to extreme events
over the next few decades” is projected to be
concentrating in “large cities and countries with
populations in low-lying coastal areas, as in
many Asian nations”12. Furthermore, according
to the IPCC (2001), “the developing countries,
particularly the least developed countries...
have lesser capacity to adapt and are more
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vulnerable to climate change damages, just as
they are more vulnerable to other stresses,” and
that, “[t]his condition is most extreme among
the poorest people.” Indeed, currently13, there
are over 400 cities with populations of one million or more, and a large proportion of them are
located in low- and middle-income nations and
in hazard-prone areas particularly in Africa, Asia
and Latin America, a trend which is expected to
continue within the next decade14 (see Table 2).
Among the biggest risks of climate change
are the impacts of sea level rise and accompanying hazards, such as storm surge, on cities on Small Island Developing States (SIDS)
and coastal cities, which are typically situated in low-lying areas. Sixty-ﬁve percent of
the world’s urban population currently lives in
coastal areas, and this percentage is expected
to increase to 74 percent by 202515. Most
mega-cities are either located on seacoasts or
directly linked with riverbeds, increasing the
exposure in their hazard-prone areas16 . Coastal
ﬂooding, beach erosion and salt water intrusion,
river sedimentation ﬂooding and landslides are
some of the potential hazards that can affect
coastal areas and cities built near rivers, such
as in New York City (see Figure 2). According
to Swiss Re (2013), currently, over 379 million
people living in metropolitan areas globally are
potentially affected by extreme riverine ﬂoods.
Cities are also expected to be affected by
severe heat and cold events which may result from climate change. Extreme cold events
could lead to increased use of energy and
worsening air pollution conditions. Expected
heat waves could worsen in cities “pronounced
as heat islands” due to the heating up of the
concrete buildings and paved areas17. Both
heat waves and cold events will affect food
security. Indeed, many cities in Europe were
highly affected by heat waves in the last two
decades leading to deaths as well as high monetary damage due to the impact on agricultural crops. According to the projections of IPCC,
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Beijing Growth 2000 to 2009. A new study shows that Beijing’s physical infrastructure quadrupled between 2000 and 2009 and that the new
buildings and roads themselves - not including pollution created by new inhabitants and their vehicles - increased winter temperatures by
about 5 to 7 °F (3 to 4 °C) and reduced wind speed by about 2 to 7 miles per hour (1 to 3 meters per second), making the air more stagnant.
Gray and black indicate buildings, with the tallest and largest buildings in the city’s commercial core appearing lighter gray. Other colors show
changes in areas not yet urbanized (for example, cutting down trees). Blue-green indicates the least change, yellow-orange more change and
red the greatest change. Images taken by NASA’s QuikScat satellite. Source: NASA/JPL-Caltech.

Table 2: Distribution of Urban Population by Size of Agglomerations (%) 2010 (Gencer 2013a)

≥ 10
million
CARIBBEAN

5-10
million

1-5
million

500K–1
million

< 500K

-

-

32.50

6.30

61.20

CENTRAL AMERICA

17.70

-

25.10

15.40

41.80

WORLD AVERAGE

9.30

6.70

22.10

10.20

51.60

AFRICA

3.56

4.08

27.64

8.94

55.74

ASIA

9.07

7.50

21.70

9.77

51.97

EUROPE

3.07

5.37

15.27

9.85

53.18

Data Source: Calculated and drawn from raw data in UN-DESA 2010.
“World Urbanization Prospects: the 2009 Revision,” United Nations, New York.
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Figure 2: Impact of Hurricane Sandy in Staten Island, New York. Photo by Ebru Gencer, 2013

heat waves and drought are expected to continue to impact Europe, particularly the cities
of Southern Europe creating not only negative
consequences for agriculture and water supply, but also affect multiple sectors such as
tourism and health and trigger massive forest
ﬁres endangering the rural continuum of urban
areas and food security18.

INTERNATIONAL,
MULTI-NATIONAL AND LOCAL
CLIMATE ACTION PLANNING
The following case studies illustrate Climate
planning approaches at various levels of governance. The examples include the intergovernmental process undertaken by the
United Nations, a regional approach by the
European Union, National action planning by
United States of America (USA) and a local
planning example from the State of Oregon in
the USA.
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United Nations Framework
Convention on Climate Change
The United Nations Framework Convention on
Climate Change (UNFCCC) is guiding adaptation and mitigation strategies with a variety
of approaches. The UNFCCC is an international environmental treaty19 with the objective
to “stabilize greenhouse gas concentrations
in the atmosphere at a level that would prevent dangerous anthropogenic interference
with the climate system.” Adaptation activities span ﬁve general components: observation; assessment of climate impacts and vulnerability; planning; implementation; and monitoring and evaluation of adaptation actions.
Societies can respond to climate change by reducing greenhouse gas (GHG) emissions and
enhancing sinks and reservoirs. The capacity
to do so depends on socio-economic and environmental circumstances and the availability of information and technology. To this end,
a wide variety of policies and instruments are
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available to governments to create the incentives for mitigation action. Mitigation is essential to meet the UNFCCC’s objective of stabilizing GHG concentrations in the atmosphere
(UNFCCCC, 2015).

Urban Adaptation to Climate
Change in Europe
The European Environmental Agency (EEA)
provides climate change information and coordinates global climate change response for
its European Union members and several other
cooperating nations. It publicizes member
adaptation and mitigation strategies.
Of particular signiﬁcance, the EEA publication “Urban adaptation to climate change in
Europe” consolidates response options, planning strategies and multi-level governance approaches. The report identiﬁes key direct challenges to be: heat; ﬂooding; water scarcity and
drought. It also discusses three types of options: “grey measures” infrastructure physical
interventions, “green measures” infrastructure
ecosystem resilience and “soft measures”. Soft
measures consist of the design and the application of policies and procedures such as landuse controls and the dissemination of information and economic incentives to reduce vulnerability, encourage adaptive behavior or avoid
mal-adaptations.
The report outlines urban planning from the
perspectives of adaptive capacity, planning
steps and success factors. Adaptive capacity
is composed of the community’s: 1) awareness,
knowledge and equity, 2) ability, which is deﬁned as access to technology and infrastructure; and, 3) actions which affect the nation’s
economy, resources and institutions. The planning steps are consistent with the rational planning model: 1) getting started, which consists of
the initiate adaptation to ensure commitment
and management; 2) the assessment of potential climate change risks and vulnerabilities;
3) the identiﬁcation of a wide range of adapta-
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Figure 3: Cover of Urban adaptation to climate change in Europe.
Source: European Environmental Agency Report No, 2/2012

Figure 4 (right): Prepare for the Impacts of Climate Change.
Infographic courtesy of US White House
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tion options; 4) the assessment and prioritization of adaptation options; 5) the implementation of adaptation actions; and, 6) monitor and
evaluation of adaptation action. Success factors
are critical to ensuring continued governmental and citizen engagement, and the report describes appropriate techniques. The report concludes with detail on multi-level governance
which it states is key to responding to a global
issue. The “pillars for multilevel governance” include policy coherence through multi-level climate prooﬁng, territorial governance, developing institutional capacities across levels, securing access to funding for adaptation measures,
and multi-level knowledge base (EEA, 2012).

United States Presidential
Climate Action Plan
The U.S. Presidential Climate Action Plan focuses on carbon reduction mitigation measures for
power plants with the “Clean Power Plan.”
The June 2014, Environmental Protection Agency (EPA) Clean Power Plan proposed carbon pollution standards for existing
power plants. Power plants are the largest single source of carbon pollution, accounting for
about one-third of all domestic greenhouse gas
emissions. The Clean Power Plan proposed a 30
percent reduction in carbon pollution from the
power sector by 2030.
Additional U.S. initiatives towards climate
change mitigation include:
∙ Lead public sector ﬁnancing towards cleaner energy
∙ Bilateral cooperation with major economies
∙ Expand clean energy use and cut energy waste
∙ Combat short-lived climate pollutants
∙ Reduce emissions from deforestation and
forest degradation
∙ Negotiate global free trade in environmental
goods and services
∙ Enhance multi-lateral engagement with
major economies
∙ Mobilize climate ﬁnance
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In addition to the Clean Power Plan, in November 2014, The President of the United States
announced a historic joint agreement with
China. The United States pledged to reduce
2025 greenhouse gas emissions in the by approximately 26 to 28 percent below 2005 levels. China announced its intent to peak carbon
emissions around 2030 and to double its share
of zero-carbon energy to 20 percent.

The Handbook concludes with taking action, steps to develop a climate action plan,
elements of a climate action plan, and tools
for measuring a plan’s effectiveness. Cities
may tailor these guidelines to ﬁt their individual Comprehensive [Master] Plans and zoning codes and/or modify their municipal planning regulations to include these implementation actions.

Oregon Cool Planning Handbook
At the local level, communities are designing
programs for adaptation and mitigation specific to their environmental, economic and social context. The Oregon Transportation and
Growth Management Program (TGM) prepared a handbook to assist climate action planning for local governments. Cool Planning: A
Handbook on Local Planning Strategies to Slow
Climate Change introduces climate change, impacts, speciﬁc implementation actions, and climate action plans. The central message of this
transportation-centric publication was that if
communities reduce their vehicle miles traveled, then CO2 emissions will lessen, and these
changes will help mitigate climate change. The
“ways to grow cooler” are described in the following topics:
∙ Grow more compact
∙ Get centered
∙ Mix up your land uses
∙ Recycle urban land and buildings
∙ Make streets complete
∙ Make way for pedestrians
∙ Make your city bike-friendly for everyone
∙ Get well-connected
∙ Put parking in its place
∙ Make way for transit and transit-oriented
development
∙ Change travel habits
∙ Find better models for big trip generators
∙ Green your buildings
∙ Plant trees in your town

114

Figure 5: Cover of Cool Planning: A Handbook of Local
Strategies To Slow Climate Change. Source: Oregon
Department of Transportation and the Oregon Department
of Land Conservation and Development
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CASE STUDY - ADAPTION
OF THE MANAYUNK/NORRISTOWN
RAIL LINE TO CLIMATE CHANGE20
Introduction
The Southeastern Pennsylvania Transportation Authority (SEPTA), created in 1964, is
the metropolitan and regional transportation agency serving the Pennsylvania portion of the Philadelphia Metropolitan Region21. Its service area contains 4 million
people and consisting of the City of Philadelphia and the suburban counties of Delaware,
Chester, Montgomery and Bucks, with connecting service to New Jersey and Delaware.
It is the 6th-largest U.S. transit system by
ridership, and the 5th largest overall transit system, with 330 million annual unlinked
trips. It controls 280 active stations, over 450
miles (720 km) of track, 2,295 revenue vehicles and 196 routes. SEPTA is one of only two
U.S. transit authorities that operates all of the
ﬁve major types of transit vehicles: regional (commuter) rail trains, “heavy” rapid transit (subway/elevated) trains, light rail vehicles
(trolleys), electric trolleybuses and motor
buses. Unlike some US systems which supply commuter rail, SEPTA acquired the system previously owned and operated by two
railroad companies – therefore, the SEPTA
rail system is “legacy network” constructed
around the turn of the 20th century.

Overview of The Study Area
Within the SEPTA system, the Manayunk/
Norristown (M/N) line was selected for study
based on an agency screening for vulnerability to extreme weather. The M/N line has a
weekly ridership of about 10,000 weekday
passenger trips. Annually it provides approximately 1,650,000 inbound trips and 1,555,848
outbound riders. However, its proximity to
the nearby Schuylkill River makes the line extremely ﬂood prone.
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Likely Climate Change Conditions
Examination of climate models projections
found that four changes were likely to occur
in the SEPTA region over the next 50 years:
1. higher temperatures; 2. heavier rain events;
3. more snow; and 4. more frequent tropical storms. The temperature by mid-century
is expected to increase by 3 to 6 degrees F.
and the number of very hot summer days was
expected to be more frequent. Precipitation
is expected to increase by 7%, an increase of
almost 2 inches a year, much of the increase
to occur during the winter months. The occurrence of heavy precipitation events (daily
rainfall in excess of 1.5 inches) is also expected
to increase by one or two days a year.

Climate Change Induced Vulnerabilities
Heat - the M/N line would be vulnerable to
sagging wires, equipment stress, and track
buckling. The regional power grid may also
be stressed and subject to brownouts during
periods of high heat. SEPTA’s power system is
thus further vulnerable to the extent that it is
reliant on utility-provided electricity.
Heavy Rain Events - The M/N line is highly
vulnerable to ﬂooding from heavy rain events.
When rain falls, it combines with runoff from
upstream and can overwhelm culverts and
cause severe ﬂooding on the line. In these
places, runoff and direct precipitation combine to ﬂood the rail line, deposit debris along
the track, and often wash out the track and
the embankment. Heavy rains are often accompanied by high winds, which can lead to
downed trees, damage to catenaries, power
outages, and damage to signals.
Snow and Winter Storms - Snow is the
most disruptive recurring weather-related event on the M/N line. Snow removal is
both time-intensive and expensive, and thirdparty workers are often required to clear the
snow. SEPTA is also vulnerable to snowstorms
because of downed power lines and power
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Figure 6: Flooding along the Manayunk/Norristown Transit line. Source SEPTA

Figure 7: Flooded Spring Mill Station. Source SEPTA
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outages that affect the community at large.
In addition, snow and ice can cause interlocking and signal failures. Extreme cold temperatures, regardless of snowfall, can also cause
signiﬁcant damage to SEPTA infrastructure.
Extreme cold causes equipment failures,
switch failures, broken track, wire fatigue, and
broken wires.
Tropical Storms - The M/N line is highly vulnerable to damage from the tropical storms
that affect the Philadelphia area. Tropical storms combine high winds and high precipitation volumes and, therefore, can cause
not only ﬂooding but extensive infrastructure
damage. Even more so than heavy precipitation events, tropical storms are likely to cause
downed trees, damage to catenaries, power
outages, and damage to signals. Some tropical
storms can also cause severe ﬂooding. Tropical storms also cause unsafe travel conditions,
making it difﬁcult or dangerous for staff and
passengers alike to get to SEPTA facilities.
Tropical storms often cause signiﬁcant service
disruptions, with service cancelled and residual delays potentially lasting for multiple days
(the FTA report includes a case study on Hurricane Sandy in 2012, which shuttered SEPTA
service for a period of 1.5 days).

Recommendations
Having identiﬁed the vulnerabilities, adaptation strategies were developed and discussed
which had the potential to reduce SEPTA’s
vulnerability to climate risks. The result of this
dynamic process led to the identiﬁcation of
capital and operational strategies designed to
mitigate climate induced impacts. In addition,
SEPTA will be investing $6 million, supported
by a $4.5 million federal grant, to stabilize 2.45
miles along the M/N railroad right of way adjacent to the Schuylkill River.

ISOCARP · REVIEW 11

117

EBRU GENCER · RIC STEPHENS · ERIK JOHANSON

ENDNOTES

SUMMARY
Climate change is expected not only to alter
the intensity and the frequency of hazards,
but also to increase the vulnerability of societies. As recent observations and projections
of climate change have shown, climate induced
hazards and its impacts will increasingly impact urban areas, due to heightened exposure
from increasing urbanization levels and inherent characteristics of vulnerability especially in
cities located near coast areas.
Urbanization and economic growth coupled
with the impacts of climate change will greatly increase the impacts of disasters in urban
areas, which inherently have diverse complexities, requiring new strategies for disaster risk
reduction, climate change adaptation and resilience building.
To mitigate the impacts of climate change
– induced damage requires an integrated approach taking into consideration: a) leadership commitment and multi-stakeholder engagement; b) capacity development (institutional, ﬁnancial, technical and social); c)
multi-category risk assessment; d) selection
of appropriate measures (disaster risk reduction, climate change adaptation and/or mitigation); e) implementation; f) monitoring and
evaluation.
Climate Action planning should not only aim
to reduce disaster risks and mitigate C02 levels, but to adapt societies and increase their
resiliency as well creating equitable, healthy,
innovative, mixed-use, regenerative, safe, sustainable, transit-oriented, walkable and vibrant
communities. Climate action planning is more
than ‘disaster preparedness and response,” it is
necessary for making cities resilient.
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1 This section uses previously written material for Urban Climate Change
Research Network’s (UCCRN) Second Assessment Report on Climate
Change and Cities:
Gencer, E., Folorunsho, R., Linkin, M., Wang, X., Natenzon, C., Wajih, S.,
Mani, N., Esquivel, M., Ali Ibrahim, S., Tsuneki, H., Castro, R., Leone, M.
F., Lin, B., Panjwani, D., and A. Panda (2015). “Disasters and Risk,” in
Climate Change and Cities: Second Assessment Report of the Urban
Climate Change Research Network. [C. Rosenzweig, W.D.Solecki, P.
Romero-Lankero, S. Mehrotra (eds)]. Cambridge University Press:
Cambridge, UK. (in process).
2 (IPCC 2014a, 10)
3 (IPCC 2014b, 13)
4 (UN DESA 2012)
5 (UN DESA 2012, 15-16)
6 (IPCC 2014c, 7)
7 (IPCC 2012, 7)
8 (Revi et al., 2014, 3)
9 India and China also have plans to build or have begun construction for
many new cities.
10 (UNU-EHS 2014, 16).
11 (Revi et al., 2014, 552)
12 (ibid., McGranahan et al., 2007)
13 Data reﬂecting 2010 numbers.
14 (Gencer 2013b, 12)
15 (UN-Habitat 2011).
16 (Gencer 2013b, 13)
17 Munich ZĞ'ƌŽƵƉ;ϮϬϬϱͿ͘DĞŐĂĐŝƟĞƐͲDĞŐĂƌŝƐŬƐ͗dƌĞŶĚƐĂŶĚ
ŚĂůůĞŶŐĞƐĨŽƌ/ŶƐƵƌĂŶĐĞĂŶĚZŝƐŬDĂŶĂŐĞŵĞŶƚ͘DƵŶŝĐŚZĞ'ƌŽƵƉ
<ŶŽǁůĞĚŐĞ^ĞƌŝĞƐ͖Ăƚ͗фŚƩƉ͗ǁǁǁ͘ŵƵŶŝĐŚƌĞ͘ĐŽŵх;ϮϬϬϲͿ͗Ϯϱ͘
18 (Gencer 2014, 11).
19 Currently the only international climate policy venue with broad
legitimacy, due in part to its virtually universal membership with 196
parties
20 This section is based on the report “A Vulnerability and Risk
Assessment ofSEPTA’s Regional Rail: A Transit Climate Change
Adaptation Assessment Pilot” published by the (USA) Federal Transit
Administration and prepared by ICF International, August 2013.
21 Transit in New Jersey is provided by others
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GROWING HIGH VALUE
FOOD IN SMALL SPACES

THE RELATIONSHIP BETWEEN
CITIES AND FOOD PRODUCTION
ELIZABETH REYNOLDS

Figure 1: Brooklyn Grange.
Source: http://www.wordsinspace.net/wordpress/wp-content/uploads/2012/12/Brooklyn-Grange-62.jpg
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GROWING HIGH VALUE FOOD IN SMALL SPACES

As Kevin Archer explains in his book The City
the basics, ‘the limited territorial extent of the
city precludes the possibility of feeding all from
within’ (p.2, Archer 2013). However what if cities aimed to be as productive, resourceful and
self-reliant as their geography allowed? Whilst
increasingly sophisticated consumers might
demand exotic varieties of food to be traded
across the four corners of earth, many cities
could beneﬁt from producing more food, especially highly valued and perishable items, within their footprint. This paper will explain - how
cities can offer unique environments for food
production, the potential for agriculture to act
as green infrastructure, current trends in urban
agriculture and how the planning frameworks
of London and New York compare. Finally,
a case study is given as to how a commercial
farming business might be established in London to offset one city’s rather large appetite.

CITIES AS UNIQUE
ENVIRONMENTS
While the production of food is typically associated with rolling country ﬁelds, cities are
unique and complex ecosystems that can
present logical opportunities for the establishment of agriculture.
Cities offer heat storage advantages. Like
most cities London has an urban heat island
effect that raises its average atmospheric temperature by several degrees as a result
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of latent energy contained in building materials. This heat storage effect potentially enables a wider range of fruits and vegetables to be grown than would otherwise be
viable in the surrounding area. Cities also have
unique microclimatic conditions created as a
result of their built environment. For example,
hot spots are created by light refracted from
buildings or by the exhaust from ofﬁce airconditioning units.
Cities offer the opportunity to recycle
waste and storm water. Cities are predominantly spaces of resource consumption rather than production and therefore they create
large volumes of waste, some of which could
be used to provide nutrients for plants. By
growing and processing more fruit and vegetables in cities, an opportunity exists to create tighter nutrient cycles where biodegradable food waste acts as a resource to fertilize new crops. Storm water that is unable
to permeate hard surfaces is also a resource
to potentially be captured and redirected for
food production.
The relationship between cities and agriculture is a two way street. Urban agriculture also has the potential to compliment efforts being made to address other challenges
such as trafﬁc congestion, stormwater management, air pollution, resilience and employment. By growing food closer to the point at
which it is consumed, less freight vehicles are
needed to deliver goods to market. Increasing the amount of plant coverage in cities
can offset air pollution without detriment to
the quality of produce. Growing food in cities helps improve security and resilience to
events such as market ﬂuctuations, natural disasters and conﬂict. In countries where
there is a signiﬁcant trend of rural to urban
migration, urban agriculture could also help
act as a social bridge for people newly arrived
in cities but having difﬁculty adapting to or
ﬁnding employment (see Figure 1).
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GREEN INFRASTRUCTURE
Depending on the method of farming, one of
the most signiﬁcant beneﬁts urban farms can
offer cities is the potential to divert rainwater
away from expensive, wasteful stormwater
drainage systems. In London a £4.2bn infrastructure project is about to commence construction to develop a new tunnel beneath
the River Thames capable of diverting rainwater and sewage waste away from the existing system that is over 150 years old. The
Thames Tideway Tunnel is necessary to avoid
39 million tons of storm sewage overﬂowing
into the River Thames annually – discharges
that usually occur during high rainfall events
when the hard, paved ground surfaces are not
able to absorb rainfall. Although it is the Author’s opinion that the Thames Tideway Tunnel is infrastructure necessary to London’s
long-term growth, green infrastructure solutions are also crucial to better managing water
in urban environments.
The ﬁlm ‘Water Blues Green Solutions’
(Pennsylvania State 2014) provides case studies from communities around the United States
who are working to reduce ﬂood risk, better
manage water resources and improve urban
environments through landscaping solutions,
some of which incorporate food production.
Philadelphia’s ‘Green City Clean Waters’ campaign1 aims to place 10,000 green acres around
Philadelphia by 2037, some of which will include food-producing vegetation. Another example is the Green Streets program in Portland
where the Director of Environmental Services
explains ‘we put green roofs on as many public buildings as we can and now also have developers putting green roofs on their buildings’
(Pennsylvania State 2014).
Although it is difﬁcult to ﬁnd examples of
spatial plans actively integrating large-scale
urban food production, progress is being made.
At the International Council for Local Environ-
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mental Initiatives (ICLEI) conference in Seoul
in April 2015 a declaration was signed by 100
mayors and city leaders that includes an action to create resource-efﬁcient and productive cities. Action 4.3 states:
‘We aspire to the efﬁcient use of our available
environmental, social and ﬁnancial resources,
and to decrease our extractive burden and dependency on our hinterlands. We commit to researching, testing, and collaborating on how to
transform our urban areas into net resource productive systems. To support these commitments,
we will engage with international organizations
such as UNEP on implementing CityÐlevel Resource Efﬁciency in model cities, encourage sustainable urban food production projects and resilient city-region food systems programs, and
promote a 10% Efﬁciency- Gain Program, targeted at reducing a cities’ consumption of a particular resource (Energy, Water, Materials. Food
etc) by 10% within a time span of three years’
(ICLEI 2015).

Separately to the Seoul declaration, cities are responding to their own local environmental challenges with both planned and informal green infrastructure solutions. Although
Shanghai already produces 55% of its own vegetables, the Resource Centres on Urban Agriculture and Food Security (RUAF) is also working
with government and community groups in the
urban district of Minhang to embed food growing into strategic master planning (RUAF 2015).
In New York a very different approach is being
taken to reduce ﬂood risk and create a potential source of employment and food. After being badly affected by urban ﬂooding associated
with Hurricane Sandy in 2012, the City of New
York has several plans underway to reduce the
risk of similar events in the future. One such
plan is to grow oysters on new sea walls near
Staten Island, this is hoped to reduce wave impacts, ﬁlter pollutants and provide a source of
employment and food for local communities
(see Figure 2).

Figure 2: Rock oyster ﬂood mitigation, New York by Scape / Landscape Architects
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TRENDS IN URBAN AGRICULTURE
There is tremendous variety in the scale, type
of participants and purpose of urban agriculture initiatives, this chapter provides on overview of the main categories that are emerging
internationally.

Community Growing
Not-for-proﬁt community initiatives to grow
food can supplement household needs and play
an important role in educating city dwellers
about nutrition and the environment.
One of the oldest programs was created out
of necessity. During World War II Britain became gravely concerned that its citizens would
starve as imported food shipments were disrupted by the enemy. To make the country more
self-reliant, a campaign called ‘Dig for Victory’
was established to encourage citizens to grow
food in small plots. It is estimated that 1.5 million small allotment holders were able to produce between 2-3 million tons of food. Whilst
many of the garden plots were temporary and
created from spaces such as sports ﬁelds (later
reclaimed), many of these Dig for Victory public allotments remain and often have long waiting lists for city residents hoping to supplement
their household shopping.
Aside from this wartime allotment-based
program there are a number of other, newer
community-led initiatives that help supplement
urban food demands, including city farms, community supported agriculture schemes, guerilla
growers, school skip gardens and even upscale
garden plots for hire.
In London the Spitalﬁelds City Farm provides
a space for school children to learn more about
farming. It has continued for almost 40 years on
volunteer time, donations and the sale of produce such as eggs, ﬂowers and vegetables.
A quite different initiative to help children gain
ﬁrst-hand experience of food growing is the
Kings Cross skip garden, where materials and
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Figure 3: Grow your own food

space associated with a major urban regeneration project were given to a young volunteer
group who now grow produce for sale to local
cafes and restaurants. The initiative is helping
locals learn more about sustainability, construction, food growing, communications, marketing
and sales.
In the United States there are a number of
bottom up initiatives to improve urban environments through agriculture. In Los Angeles,
some residents have taken to planting the small
strips of land between the sidewalk and street in
front of their homes with vegetables. In an area
where healthy food options are very limited or
too costly for local residents, these small spaces
provide some healthy food for residents. However the local authority have been known to ﬁne
these guerilla gardeners for co-opting an otherwise public space (Ku, 2013).
Community supported agriculture initiatives
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are a more structured approach to meeting local food needs, with residents buying shares in
not-for-proﬁt farms that then provide them
with a commensurate amount of fresh produce
each week.
In Melbourne allotments have gone upmarket
with the Pop Up Patch at Federation Square hiring out compost ﬁlled fruit crates for $AUD25
per week. This is relatively expensive given the
surface of the crates are less than 150cm square,
however they have proven popular amongst local apartment dwellers, so to classes and events
run by the Little Veggie Patch Company who
manage the space2.

Start-Up Initiatives
Looking to commercial farming initiatives,
there are some interesting small-scale businesses emerging, often through crowd funding platforms and with an emphasis on social
entrepreneurship.
The Edible Garden City in Singapore3 works
with restaurants, schools, hotels and individual families to design, build and maintain food
gardens in Singapore. Although Singapore has
a tropical climate favorable for plant growth, it
is also a small island that currently imports approximately 90% of its food. Therefore even
small initiatives to improve food security are
very important.
FARM: Shop4 in Dalston, London appears from
the outside to be a normal high street shop,
however the space accommodates an aquaponic5 micro ﬁsh farm, indoor hydroponics6, a
chicken coop and polytunnel greenhouses.
In 2013 Grow Up Farms7 launched a Kickstarter crowd funding campaign to launch a
trial “Grow Up Box” - essentially a shipping
container with tanks of Talapia ﬁsh on the lower level that recycle fertilized water to plants in
the level above. Grow Up has also announced
they intend to develop London’s ﬁrst commercial roof top farm – an indoor warehouse
they hope will produce 20,000kgs of salad and
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Figure 4: Pop Up Patch, Melbourne

Figure 5: Grow Up Box
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Figure 6: Eagle Street Farm

Figure 7: Brooklyn Grange
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Figure 8: Gotham Greens

Figure 9: Urban Farmers
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4,000kg of ﬁsh annually, the majority of which
will be sold to local restaurants. Financing for
their latest endeavor was raised through investment from Ignite Social Enterprise, a grant
from InnovateUK and seed funding from the
Climate-KIC accelerator.

Commercial Farming in Urban Areas
The United States is leading the way in large
scale, commercial urban farming. A number of successful roof top farms are located in
New York including Eagle Street Farm8, Gotham Greens9 and Brooklyn Grange10. Each of
these commercial farms differs in their methods, management and route to market. Eagle
Street Farm has a 600square meter organic
green roof, and hosts a number of community
and volunteer events throughout the year. The
not-for-proﬁt farm produces over thirty varieties of fruits and vegetables as well as honey,
eggs and condiments. There is an on-site market selling direct to the public and other produce is delivered by bike to nearby restaurants.
The farming method is simple and relatively low
cost – a 5-centimeter plastic matting base was
laid across the roof and topped with rows of
15-centimeter deep garden beds formed from
a light weight substrate. Crops are watered by
hand using a hosepipe to supplement rainfall,
of which the roof can hold almost 4-centimeters, thereby reducing pressure on the local
storm drainage system. Compost is also collected from local restaurants and homes and
reused at the farm where the soil is free of the
contaminants found in much of the surrounding, former industrial land.
Brooklyn Grange is split across two rooftop farms, with a total area of almost 2.5 acres
producing over 23,000 kilos of vegetables annually. The ﬁrst farm was funded with a mix
of private equity, loans, local fundraising and
via the crowdfunding platform Kickstarter. The roof space at each of the sites is secured through 10 or 20 year lease, and each
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building was structurally tested to determine
safe loading limits. The farming and distribution methods used are similar to those of
Eagle Street Farm, however Brooklyn Grange
has a greater emphasis on value added revenue through events, private venue hire and
consultancy services.
Gotham Greens was the ﬁrst commercial
roof farm in the United States and began life in
2011 with a high tech, hydroponic glasshouse
on a roof-top in Brooklyn. The glasshouse
measures almost 1,400 square meters and is
used to grow tomatoes and high value leafy
green vegetables and herbs. Gotham Greens
currently employs 30 people full time and is in
the process of opening their fourth farm, this
time in Chicago.
Bright Farms ﬁnance, design, build and operate commercial farms with existing or planned
operations in seven US states and has established exclusive supermarket supply agreements in each. Similar to Gotham Greens the
focus is on growth of high value salad greens
and tomatoes, using sophisticated computer systems to monitor the hydroponic within
large-scale greenhouses. Bright Farms’ proposed 9,000 square meter Brooklyn rooftop
green house is estimated to cost $4m (Pasquarelli, 2013), part of $13m the company is
estimated to have raised. Although they are
yet to return a proﬁt, their plans to open new
farms across the US are being viewed positively by investors.
These are just a few examples of large-scale
urban farms in New York, yet there are certainly other good examples internationally including Lufa Farms11 in Montreal and Urban Farmers12 (existing and proposed farms in Zurich,
Berlin, Brussels, The Hague and Basel).
Urban Farmers (UF) is unique in that it does
not own or operate farms, aside from several demonstrator sites that are used for the
sale of the physical structures and equipment,
operating systems, after sales service, distri-
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Figure 10: E5 Bakehouse

Figure 11: ‘Urban Epicenter’ concept by Jung Min Nam
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bution licensing and management consultancy.
Effectively, UF will help aspiring commercial
farming businesses to test the feasibility of
their concept, help raise ﬁnancing, engineer
procure and construct the farm buildings (typically aquaponic glasshouses or shipping containers), help operate and maintain the farm,
and license international distributors.

Niche Urban Food Production
In addition to growing fresh produce, there is
an urban trend towards small scale, high quality food processing. The London Honey Company, Crate Brewery, Square Mile coffee
roasters, Clean Bean tofu, Hansen-Lydersen
wood smokers, Sipsmith gin distillery and
Square Root Soda are just a few of the specialist food businesses helping to make London a
more productive city13.

Intensive Technology
Figure 12: Sky Greens, Singapore

Figure 13: LED farm, Japan
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Professor Dick Depsomier has for many years
advocated a system of growing called Vertical Farming whereby fruits and vegetables are
grown in purpose built skyscrapers designed to
optimize skylight penetration.
The Sky Greens farm in Singapore14 is one
of the ﬁrst commercial farms incorporating the
principles of vertical farming. Multi-layered
triangular frames grow a range of green leafy
vegetables and rotate to maximize light exposure within the tall glasshouse. Rotation of the
troughs is via a hydraulic, low energy method
and yields of the hydroponic greens are estimated to be 10 times higher than similar ﬁeld
grown vegetables.
New and emerging technologies are also
being used to grow food in cities – Growing
Underground15 in London, the MIT16 City Farm
in Massachusetts and a former semi-conductor factory in Japan17 are all using LED lighting, hydroponics and sophisticated electronic monitoring systems to maximise production
whilst minimising resource demands.
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Comparative Beneﬁts
The food production approaches set out above
vary considerably but all contribute to improving the sustainability of urban environments.
Community initiatives on allotments and home
growing by individual families helps to provide low cost, nutritious food that is able to
supplement, but generally not replace household food spending. Smaller commercial urban
farms and food production businesses seem
to be a strengthening niche market, and provide employment and skills training beneﬁts to
city dwellers, however their scale is not sufﬁcient to support a large number of people.
Be they on rooftops or at ground level, earth
based farms arguably offer the greatest beneﬁt to cities as they are able to reduce stormwater runoff, provide a source of employment and training, have lower costs associated
with entry to market and are able to produce a
wider range of nutritious and affordable food.
Although rooftop glasshouses such as those
developed by Gotham Greens and Bright
Farms make positive contributions to urban
areas, man / woman or child cannot survive on Wholefoods microgreens alone. Although crops like potatoes have a lower retail value; need a heavier growing medium and
more space than hydroponic microgreens, they
also have a higher nutritional value. By way of
comparison, one gram of sweet potato yields
0.76 calories, a gram of tomato provides 0.16
calories and for one gram of iceberg lettuce
only 0.11 calories – these are important considerations if urban farming is expected to address shortfalls in rural farm production and a
rise in childhood obesity (USFDA 2015). Looking at the cost of producing certain fruits and
vegetables; their retail sale prices; and nutritional values, the following could be considered
good examples of high value food able to be
produced in small urban spaces: honey, cantaloupe melons, swiss chard, sweet corn, pears,
and oranges. The production of these foods
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can be integrated into landscaping strategies
such as street planting or make use of small,
warm spaces on rooftops and between buildings where the heat island effect provides a
beneﬁcial growing climate.

PLANNING FRAMEWORKS
· A TRANSATLANTIC COMPARISON
Farming is not often addressed in urban planning policy, a situation that needs to be addressed if cities are to become more resource
efﬁcient and sustainable. Given the large number of farms in New York City, a compare and
contrast has been undertaken between London and New York to identify how urban agriculture is helped or hindered by planning policy.

London
Planning policy in London is derived from
three key sources, the National Planning Policy
Framework (NPPF) for England (2012), the
London Plan (2011, revisions 2013 & 2015) and
local planning policies. Although the NPPF
does not reference urban agriculture, the following overarching policies are relevant:
∙ 8 Promoting healthy communities
∙ 10 Meeting the challenge of climate change,
ﬂooding and coastal change
∙ 11 Conserving and enhancing the natural
environment
Within the London Plan (2015) Policy 7.22
‘Land for Food’ ﬁrstly states that at a strategic
level ‘The Mayor will seek to encourage and support thriving farming and land-based sectors in
London, particularly in the Green Belt’. Secondly, ‘Use of land for growing food will be encouraged nearer to urban communities via such
mechanisms as ‘Capital Growth’. In directing the
33 boroughs within Greater London to prepare their Local Development Frameworks the
following is also to be considered: ‘Boroughs
should protect existing allotments. They should
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identify other potential spaces that could be used
for commercial food production or for community
gardening, including for allotments and orchards.
Particularly in inner and central London innovative approaches to the provision of spaces may
need to be followed, these could include the use
of green roofs’.
No roof top farming or urban agriculture
policies are known to exist within Local Development Frameworks, however their development is not prohibited. To establish a
new commercial farm planning permission is
required from the local borough that make a
decision based on the site-speciﬁc context,
nature of proposed development and relevant
planning policy.
Although not planning policy or a material
consideration in determining an application for
planning permission, there are several publications by the charity Sustain that have informed
the current policy and help to implement new
projects, namely ‘Planning sustainable cities for
community food growing’ (2014), ‘Good Planning for Good Food’ (2011) and ‘Good Food
for London’ (2014). Sustain also run the Capital Growth18 program that provides training,
community growing support and events such
as an annual urban food festival.

New York
In New York the City Planning Commission
and the Department of City Planning operate
under rules in Title 62 of the Rules of the City
of New York (City of New York 2014). Both
organizations are responsible for the orderly
growth and development of the city, in a manner that supports the multifaceted needs of its
population.
Zoning is a key feature of the US urban planning system and it is used to direct land use,
development density, building height and appearance. All land in New York City falls into
one of four zones: residential, commercial,
manufacturing, or mixed use; however a “spe-
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cial district” (of which there are currently 60)
can also be declared. On 30th April 2012 New
York City Council adopted Zone Green amendments including to Chapter 5 Certiﬁcation 7501 for Rooftop Greenhouses, which allowed
greenhouses to be excluded from the deﬁnition of ﬂoor area and exceed buildings height
limits. It is still necessary to obtain certiﬁcation from the City Planning Commission for
roof top greenhouses, however this amendment effectively increased the number of potential commercial food growing spaces.
Overlaying the zoning system, PlaNYC was
released in 2007 (and revised in 2011) with
the objective of setting a 2030 vision for a “A
greener, greater New York”. In 2014 a Progress Report of PlaNYC was undertaken, including a review of urban farming and community growing initiatives (page 37, MOLTPS 2014).
On 22 April this year PlaNYC was superseded
by OneNYC, which contains four key visions:
1. ‘Our growing, thriving city;
2. Our just and equitable city;
3. A sustainable city;
4. A resilient city’.
One supporting initiative within OneNYC
is to ‘Support community gardens and urban
farms in select neighborhoods in the city’.
Urban agriculture is described as playing ‘a
small but critical role in communities underserved by quality, affordable, fresh food. Urban
farming provides opportunities for residents to
engage in growing local produce, educates children about nutrition, and offers training in food
preparation, gardening, and retailing skills’.
Separately to strategic urban planning initiatives, in 2010 New York City Council published the Food Works report, looking at the
existing context and future strategies for
agricultural production, processing, distribution, consumption and post-consumption.
The report included a series of goals, strategies and (59) supporting proposals for ‘a
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healthier, greener, and more productive food
system’. Goal two is to ‘Increase urban food
production’, the associated strategy is to ‘Better use existing space for urban food production
and the supporting proposals are to:
∙ ‘Protect community gardens;
∙ Ensure urban farms are counted in the
Census of Agriculture;
∙ Create a searchable database of
city-owned property;
∙ Identify city-owned properties with roofs
suitable for urban agriculture;
∙ Waive the Floor to Area Ratio (FAR)
requirements and height restrictions for
certain rooftop greenhouses;
∙ Change the state green roofs tax credit to
encourage food-producing green roofs;
∙ Change water rates to encourage green roofs;
∙ Streamline the green roof permit
application process;
∙ Connect with regional, upstate New
York growers’.

New York Takes The Lead
Although London has a history of food production in allotments and suburban gardens,
Government support for growing food within the city currently seems stuck in a position
of aspirational rhetoric rather than clear plans
and mechanisms for improvement. In the
context of developed cities, New York is currently a leader in urban agriculture as a range
of stakeholders from local community groups
to investment heavy private companies are
implementing it.
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CASE STUDY
LONDON CITY FARMING COMPANY
London City Farming Company was founded by
the Author and is in the early stages of creating
an urban farming business in London, a summary of the story so far and next steps are set
out below.

Context
Over 50 percent of the United Kingdom’s fresh
produce is sourced internationally19, contributing signiﬁcantly to the ecological footprint20 of
Greater London being approximately 293 times
larger than its actual land area21. Aside from
the signiﬁcant ecological impacts of current
consumption, this context presents risks to
London’s food security and leaves consumers
with fruit and vegetables that are potentially
less nutritious as a result of the time needed to
pick, process, store and transport.
In 2004 Greater London contained only 366
hectares of horticultural land, a 77 percent decrease since 197022. In parallel to the reduction
in horticultural space within London, average
farm sizes elsewhere in the UK have increased,
offering cheaper prices through economies of
scale. Larger farm sizes coupled with cheap
imported produce and the scale of distribution offered by many major food retailers and
supermarkets is therefore a formidable combination with which to compete.
According to the ‘Food Statistics Pocketbook
2011’ by the Department for Environment Food
and Rural Affairs (DEFRA):
∙ UK consumers spent £182 billion on food
and drink in 2010, 18% of which was fruits
and vegetables
∙ In 2009 50.5% of fresh produce was derived
from outside the UK
∙ Sales in “ethical” food and drink products
accounted for £5.5 billion in 2009, an increase of 52% since 2006, approximately a
third of which is organic
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Figure 14: Allotment garden and London Plan. Source: http://www.gardenbuildingsdirect.co.Sourceuk/blog/guide-to-getting-an-allotment/
and http://www.london.gov.uk/priorities/planning/london-plan

∙ In 2008 the average daily consumption
of fruit and vegetables was 3.7 portions
per day5
∙ Retail fruit and vegetable prices have increased an average of 12% in real terms over
the past 4 years.
DEFRA research also suggests that the organic produce industry in the UK is worth approximately £1.81 billion annually, this is slightly higher than the ‘Organic market report 2012’
by the Soil Association of £1.67 billion in 2011.
The Soil Association’s report estimates that
fruit and vegetables account for 23% of total
organic sales, equating to a £348.1 million UK
or £42.46 million London market sector.
Although London is a dense, historic city
there are plenty of opportunities to use land
more efﬁciently, indeed a 2008 report titled
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‘Living Roofs and Walls’ estimated that in the
areas of Cannon Street, Oxford Street, Tottenham Court Road and Canary Wharf alone
that over 74 hectares of usable roof space
could be available (GLA 2008). Clearly many
roofs are too small, or restricted by land tenure, design and ownership constraints to realistically be used for roof farms. However, taking a considered approach a signiﬁcant amount
of ‘land’ could potentially be unlocked. In fact,
using just 30% of the 74 hectares of roof space
identiﬁed at a 60% coverage rate could yield
approximately 2,000 tons of produce & £7
million revenue per annum (authors estimate).

Objectives
London City Farming Company was founded
with the following objectives:
∙ Improve the biodiversity, microclimate, air
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∙

∙

∙
∙
∙
∙
∙

quality, energy efﬁciency and ecological
productivity of the city.
Capture and use rather than waste rainwater currently triggering overﬂows from
London’s original combined sewerage network into the River Thames.
Build more contingency into London’s food
security by diversifying its geographical sources.
Provide employment and training for inner
city residents including the unemployed.
Create healthy and delicious food with a marketing appeal focused on unrivalled freshness.
Add value to farmed products by also operating a café / restaurant.
Provide a unique alternative to the prevailing operators in the food industry.
Encourage other community groups and
small businesses to establish urban farms.

Strategy
A process is underway to identify potential
farm locations, methods, business models and
routes to market. Site selection is focused on
central London locations that have an abundance of commercial roof space and strong
demand for high quality food. Properties are
being prioritized on the basis of ownership,
with an objective to secure lease agreements
with the fewest number of commercial property owners on the largest, most strategically
located properties.
∙ The preferred method of farming is likely to
incorporate rows of light-weight growing
medium on the majority of the site, several raised permaculture beds and a small
hydroponic glasshouse. The preferred
farming methods have been selected based
on the following:
Less upfront investment required (relative to glasshouses similar to those used by
Gotham Greens and Bright Farms);
∙ Able to act as green infrastructure and ease
pressure on urban drainage system;
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∙ Greater range of vegetables able to be
produced – although root vegetables are
heavier, require deeper soil and have a lower retail value it is not enough for growers to only focus on salad greens and tomatoes that are relatively costly and low in
nutrition.
London City Farming Company is currently
registered as a private limited company. However depending on progress with landowners
and investors, there is potential for the business to operate as an employee owned or
Community Interest Company. Regardless of
the company structure, its operating model is
likely to incorporate a retail food and beverage element. By operating associated food
outlets, value and therefore proﬁt can be added to farmed primary produce, also the water
and biodegradable vegetable waste created in
the stores could be recycled back to the farms
– depending on site attributes, both of which
could be co-located.
No businesses of this kind are known to
exist in London, however with population in
the city expected to increase to 9 million residents by 2030 and transport fuel costs increasing, it seems only a matter of time before roof space will be valued for its food production potential and companies will look to
invest in this sector.

Next steps
There is a great deal of work needed to take
London City Farming Company from a concept
and high-level feasibility studies to an operating business. Steps needed to deliver the
project include but are not limited to - gaining lease agreements from property owners,
undertaking structural surveys, securing planning consent, agreeing the business model,
securing public and or private sector investment, procuring and constructing the roof
farm, ﬁnding a retail operator or staff, and devising a branding strategy.

135

ELIZABETH REYNOLDS

CONCLUSION
Planners need to identify strategic opportunities and deliverable policy mechanisms to encourage the production of food in cities. Despite the interconnected nature of our world,
try to think of cities as unique islands - how
would they survive if cut adrift? Is a city
making the highest and best use of resources
available to it? Who are the public and private
sector stakeholders with skills to contribute?
What opportunities are there to use land more
efﬁciently and creatively? Where can opportunities be found to intensify land productivity? Be it small scale community driven initiatives or venture capital funded roof farms,
urban agriculture has an important role to play
in improving the sustainability of cities - and
planners are in a privileged position to help enable this change.

ENDNOTES
13

http://www.thelondonhoneycompany.co.uk ;
http://cleanbean.co.uk ; http://shop.squaremilecoffee.com ;
http://hansen-lydersen.com ; http://e5bakehouse.com ;
http://www.squarerootsoda.co.uk ; http://www.sipsmith.com ;
http://cratebrewery.com ;

4 http://farmlondon.weebly.com/farmshop.html

14

http://www.skygreens.com/about-skygreens/

5 Aquaponics are ‘a system of aquaculture in which the waste produced
by farmed ﬁsh or other aquatic creatures supplies the nutrients for
plants grown hydroponically, which in turn purify the water’ (Oxford
Dictionary 2015).

15

http://growing-underground.com

16

http://mitcityfarm.media.mit.edu

17

http://www.wired.co.uk/news/archive/2014-07/11/indoor-farm

6 Hydroponics is ‘the process of growing plants in sand, gravel, or liquid,
with added nutrients but without soil’ (Oxford Dictionary 2015).

18

htttp://www.capitalgrowth.org

19

www.defra.gov.uk/statistics/ﬁles/defra-stats-foodfarm-foodpocketbook-2011.pdf

1 See: http://www.phillywatersheds.org/what_were_doing/documents_
and_data/cso_long_term_control_plan
2 http://littleveggiepatchco.com.au/pages/pop-up-patch
3 http://www.ediblegardencity.com

7 http://growup.org.uk

10 http://brooklyngrangefarm.com

20 The ecological footprint of a city reﬂects the food, transport, energy,
water, land, materials and waste consumed by a city, compared
with the amount of the same resources produced within that cities
geographical area.

11 http://www.lufafarms.com/en

21

www.citylimitslondon.com/report_form.htm

12 http://urbanfarmers.com

22

www.london.gov.uk/moderngov/mgConvert2PDF.aspx?ID=879

8 http://rooftopfarms.org
9 http://gothamgreens.com
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By 2050, the median age in China will be higher than in the United States. Source: PROJECT M1
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How should urban planners and urban development effectively respond to the unprecedented
individual and societal challenges (and opportunities) of an ageing population? Asia is
at an important turning point to ﬁnd out (and
implement) what a sustainable age-friendly city
model should be. Several countries including
China, Japan, Singapore and South Korea, have
variously started to rethink and retool their cities for population ageing. While the challenge in
China is recognized, the response is still being
formalized. As China’s Vice Premier reminded:
“China has not adequately prepared to respond
to the ageing population”. However urban settings strategies have been developed elsewhere
and we will focus on these issues. In particular,
we will examine two Asian countries - Japan and
Singapore. Both are among the fastest ageing
Asian societies. They also have the highest income among Asian countries. Using case studies, attention is on distilling lessons learned
and innovative strategies for establishing agefriendly cities.

INTRODUCTION
Asia is both rapidly urbanizing and rapidly
ageing. As soon as 2040, an additional one billion
people will be added to Asian cities and half of
that new urban population will be 65 years and
older. The scale and speed of population ageing
differs, but is most rapid between 2010 and
2030.2 As a result, by 2050, one in four people in
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the region are expected to be over 60 years old
and the proportion of older persons (aged 65+)
to the working-age population (aged 15-64) is
projected to more than triple in many countries
in East and South-east Asia. For example, the
percentage of China’s total population, aged
60 and older, will increase from 12% in 2010 to
33% by 2050. This change will transform China
into a nation with the oldest population in the
world (the world average for that age group is
22% of the total population).3
Other countries, which are ageing faster than
China include Japan, Singapore and South Korea.
Japan is already the world’s oldest society and
will continue ageing. Japan is projected to have
69 old people for every 100 of working age by
2035 (compared to 43 per 100 in 2010). Others
like the Asian Tigers, e.g. Hong Kong (current
60+ population is 17.7%), Singapore (current
60+ population is 15.2%) and South Korea (current 60+ population is 15.1%) will see these proportions rise to over 40% by 2050.
Driving this demographic shift are two factors
that also contributed to rising economic growth
over the past two decades: increases in life
expectancy and decreases in fertility. These
changing demographic attributes will also have
serious implications for sustainable urban growth.
Many Asian developing countries, including China,
are ageing at a lower level of income. This trend
can adversely affect economic performance, oldage support, and health care and pension costs in
both the short- and medium-term.4
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WHAT ARE AGE-FRIENDLY CITIES?
The international community has long exhorted
the importance of active ageing. According to
the World Health Organization (WHO), active
ageing calls for a process, which optimizes
opportunities for health, participation and
security in order for people to attain a good
quality of life as they age.5 The built environment
impacts upon how we live, as well as our life
choice and our ability to live life to the full. It
can make the difference between independence
and dependence for those growing older. An
age-friendly city encourages active ageing by
developing design processes and practices that
optimize opportunities for health, participation
and security as people age.

Based on this notion of active ageing, in
2007, the WHO published a set of guidelines
for designing and planning an aged-friendly
city; a city in which policies, services, settings
and structures will support and enable people
to continue to live actively, enjoy good health
and continue to participate in society in a
meaningful way (Box 1). The following year,
the United Nations Principles for Older Persons
designated ﬁve imperatives for social policy
for older persons: independence, participation,
care, dignity and self-fulﬁllment.6 Planning for
sustainable development is a crucial concern
for Asian cities7 and such planning needs to
take account of the ageing of populations.
In practical terms, an age-friendly city anticipates and adapts its structures and servi-

BOX 1: 8 CORE DOMAINS OF AN AGE-FRIENDLY CITY

Housing – affordability, essential services, design, modiﬁcations, maintenance, access to services,
community integration, ageing in place, housing options, living environment;
Transportation – affordability, availability, reliability and frequency, travel destinations, specialized services
for older people, age-friendly vehicles, priority seating and passenger courtesy, safety and comfort,
transport stops and stations;
Outdoor spaces and buildings – pleasant and clean environment, green spaces, somewhere to rest, agefriendly pavements, safe pedestrian crossings, a secure environment, accessibility, walkways and cycle
paths, age-friendly buildings, adequate public toilets;
Social participation – accessible opportunities, affordable activities, range of opportunities, promotion and
awareness of activities, addressing isolation, fostering community integration, facilities and settings;
Respect and social inclusion –respectful and inclusive services, public education, public images of ageing,
intergenerational and family interactions, community inclusion, economic inclusion;
Civic participation and employment – volunteering options for older people, training, employment options,
accessibility, civic participation, entrepreneurship, valuing older people’s contributions, fair remuneration;
Communication and information – information offer, oral communication, automated communication and
equipment, printed information, computers and the internet;
Community support and health services – service accessibility, offer of services, voluntary support,
emergency planning and care.

Source: World Health Organization (2007) Global Age-friendly Cities: A Guide, Geneva: World Health Organization
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ces to be accessible and inclusive of older city
dwellers with varying needs, capacities and
lifestyle choices. The operative word is enablement. For example, barrier-free buildings,
spaces and streets, and secure neighborhoods
enhance the mobility and independence of all,
young and old, enabling them to venture outside of their homes in conﬁdence to participate
in activities.

CASE STUDIES
IN JAPAN AND SINGAPORE
JAPAN8
We discuss in this section three intertwined
trends and related issues: (i) ageing population
and the challenge to ensure that those living
longer are also healthy; (ii) ageing urban population and the intergenerational challenge between young working population and elderly
residential population; and (iii) ageing-responsive public services, particularly for mobility and
security. The literature on the experience of
Japan in the past 50 years offers valuable policy
insights and planning options, which are relevant
to developed as well as developing countries.

Japan’s Ageing population
and the challenges it presents
Living longer and Healthier
Japan is already the world’s oldest society with
an older population unparalleled in modern
history. It is a “shrinking society” due to lower
fertility rates. Takeuchi identiﬁes four factors
that have inﬂuenced these changes in Japan:
declining birthrate, globalization, technological
innovation and improved standard of living.9
Living longer is not necessarily complemented
by living healthy. For example, elderly people in
Japan are becoming vulnerable to communicable
diseases like SARS and avian ﬂu as these can
easily spread to anywhere in the world due to
global travel of passengers and goods, which
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did not happen in the past. In addition, Takeuchi
claims, “that bacteria that have not spread
easily in Japan before are now more easily
able to reproduce due to global warming.”10
Sakakibara also points to the need to protect
the ageing population from natural disasters.11
While traditionally, older people lived together
with the family of one of their children, shrinking
family sizes make it increasingly difﬁcult for
older people to live with their children.12 The
challenge for policy makers is how to increase
years of quality life for the elderly.

Intergenerational challenge between
young working population and elderly
residential population
A couple of trends may be discerned. First,
young people continue to relocate to urban
areas for employment opportunities. Second,
earlier generation of elderly people choose
to reside permanently in urban areas. Japan is
densely populated; more than 80% of people
live on the plains that make up just 16% of
the total land area. Sakakibara estimates that
Japanese land prices per km2 of ﬂat land are 25
times more than the USA, noting that it also
matches the GDP per km2 of ﬂat land in the two
countries.13 Presently, around two-thirds of the
Japanese population may be classiﬁed as urban
residents in contrast with around 90% in the UK.
Of signiﬁcance is the growth of mega-city and
mega-urban region in Japan. The outstanding
example is the Tokyo-Nagoya-Osaka-KyotoKobe mega-region, which will host 60 million
people by 2015.14
Together, these two trends contribute to new
intergenerational challenges. Professor Akiyama
of the University of Tokyo highlighted several
disadvantages of urban living: pressures of living
in high-rise apartments; limited resting areas
in open areas in cities; lack of public toilets;
accidents in the streets with cars and bicycles;
and, the decline of small businesses such as local
shops.15
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Figure 1: According to Koike, H (2014), the success of the Toyama Light Rail led Utsunomiya City to build its own system. Source: Toyama Light
Rail tram (https://upload.wikimedia.org/wikipedia/commons/5/5d/ToyamaLightRail-TLR0605B.jpg)” by LERK
(https://commons.wikimedia.org/wiki/User:LERK) is licensed under CC BY 2.5 (https://creativecommons.org/licenses/by/2.5/deed.en)
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3 Public services responses, particularly
for mobility and security
Except in major cities such as Tokyo and Osaka,
urban mobility in Japan has been excessively
dependent on automobiles Koike records the
various mobility problems for the elderly.16
These include the “transportation poor” who
are elderly people totally dependent on public
transportation systems to take them shopping
or to the hospital. Japan boasts one of the
lowest numbers of trafﬁc accidents in the
world, but the number has remained ﬂat since
1980 at 4.31 per 100,000 in 2011. As Takeuchi
observed, “the horrible morning and evening
commute rushes that people around the
world associated with Japan 50 years ago are
unacceptable to Japanese standards of living
today.”17 Takeuchi further argues that investing
resources toward elderly people may save more
lives in an aging society with declining birth rates
than incremental measures that reduce trafﬁc
accidents.

Japanese Case Studies
We turn next to discuss, using three brief case
studies, how Japan has approached age-friendly
city development in terms of housing, public
services and built environment to ensure better
mobility and safety for the elderly. The Kobe
example illustrates the continuing usefulness of
old people as they age.

Utsunomiya: Networked Compact City
Utsunomiya city embarked on a 20 year
Networked Compact City plan to shift from
automobile dependency to public transportation
with a 15-km LRT system that revitalized the CBD
(see Figure 1). Koike argues that policymakers do
not adequately measure the direct and indirect
beneﬁts that a public transportation network
provides to a city and citizens.18 His advocacy
is for “a shift from automobiles to public
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transportation [that] results in the reduction
of trafﬁc congestion, trafﬁc accidents, parking
facility costs, and road maintenance costs,
curbs global warming by reducing gasoline
consumption, and liberates the community from
long-time driving pressure burdens.”19

Kashiwa: Ageing in Place
The project comprised innovative urban planning
that replaced the old 5-storey residential
buildings with barrier-free condominium blocks
(see condominium Figure 2). A 24-hour care
system supported home-based care for all
residents. The project creatively addressed
social isolation, one of the problems elderly
citizens typically suffer. Kadoya argues that
elderly individuals face an added layer of isolation
because they are ill or suffer from dementia.20

Kobe: Skilled Veterans Corps for Fukushima
The Corps formed after the Great East Japan
Earthquake in 2011 mainly comprised elderly
engineers and technicians. They rebuilt houses
after the disaster. They also used vacant rooms,
creating “Rooms for health and peace of mind”
for seniors to interact freely.21

Japan’s Lessons Learned
Japan’s age-friendly developments yield several
lessons for other cities. They include, as Professor
Ogawa suggested, four key strategies:22
Population strategies: This includes the use of
geographic information systems to identify
districts with clusters of older people together
with issues arising from their spatial location
(e.g. distance from shops, transportation
issues, ease of access to health and social care
services);
Participation
strategies:
This
includes
encouraging participation in activities within
urban areas by older people through a mix
of support for voluntary work, encouraging
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job re-design for older workers, stimulating
services from the private and not-forproﬁt sectors, and application of information
technology;
Housing and health strategies: This includes
the development of retirement communities
in urban areas, group homes for people with
dementia and specialist clinics supporting
home-based care; and
‘Safety’ strategies: This includes the development
of preventive care linked to improvements to
long-term care and medical and health care.

SINGAPORE
Due to continued low fertility rate and increased
life expectancy, Singapore’s population is rapidly
aging. Singapore’s older population (aged 65 and
older) is projected to grow 372% between 2000
and 2030, much faster than countries like Japan
(54%), Germany (63%) and China (170%).23 The
emerging cohort of seniors – the baby boomers
who reach age 65 by 2010 – is different from
past cohorts of elderly. They are healthier, more
educated and economically better off than
those of the 1970s and 1980s. The 1995 National
Survey of Senior Citizens in Singapore reports
that 93% of the elderly are independent and able
to perform the basic activities of daily living (e.g.
cleaning, washing, dressing, feeding, bathing
and toileting). They would require opportunities
to stay socially, mentally and physically active.
International evidence suggests that seniors
who remain active tend to have fewer illnesses
and social problems.24
Singapore presents a case of governmentled efforts to address population ageing. Unlike
many other cities, population ageing is viewed
not just as a challenge but also an opportunity.
It opens up a potential for Singapore to harness
innovative commercial solutions to address the
challenges of an ageing population. Population
ageing is an opportunity for Singapore to become
a center of innovation and knowledge on ageing,
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and on the economic front, to promote the
development of the silver industry in Singapore.
As early as the 1980s, the Singapore
government formed inter-agency committees,
including inter-ministerial committees (with
representation from private, public and
people sectors) to address and propose policy
recommendations to prepare Singapore to
achieve successful ageing. The issues discussed
were multi-faceted and wide-ranging including
social integration, healthcare, ﬁnancial security,
employment, housing and land use policies, intergenerational cohesion and conﬂict as well as the
impact of ageing on workforce and Singapore’s
long-term economic competitiveness.25 The aim
was to coordinate a national response to make
Singapore ‘a society for all ages’.26
The underlying philosophy was a principle
of personal responsibility. This meant securing
wellbeing in one’s old age, supporting the family
as the social norm and the basis for the care and
support of the elderly, enabling ageing-in-place
and promoting active ageing. This approach
called upon partnership and involvement of
‘many helping hands’ – the community, family
and seniors themselves to work in partnership
to ensure the wellbeing of the elderly.27 The
role of the state was deﬁned as primarily setting
out the policy framework and providing the
infrastructure and resources necessary for the
other sectors to play their part. Institutional
care was the last resort and most extreme
measure. Thus, in 1996, the Maintenance of
Parents Act was introduced to legally enforce
the moral obligation of children to take care of
their ageing parents.

Strategic Issues
There are four strategic issues of concern:
enhance employability and ﬁnancial security;
provide holistic and affordable healthcare and
eldercare; enable ageing-in-place; and promote
active ageing.
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Figure 2: Sun-City Kashiwa III, a renovated property that is designed to be a high-end senior living facility in Kashiwa City.
Source: Barry Design Associates, Inc. Retrieved from http://www.barrydesign.com/portfolio/sun-city-kashiwa-iii/

Enhance employability
and ﬁnancial security
Singapore has a Central Provident Fund (CPF)
system where individuals are responsible for
planning and saving for their ﬁnancial security in old age through employment. Both
employers and employees contribute a portion of the employee’s monthly gross salary
to the Fund. The current contributions are
16% for employers and 20% for employees.
Under the scheme, individuals could withdraw some portion for approved housing and
medical needs and the remaining is dedicated for their retirement. Even so, the ﬁnancial
security of seniors remains a challenge. One
concern is that a large number of seniors are
‘asset-rich, cash-poor’; over 80% of Singapore households are homeowners under the
government’s shelter for all policy.
Various schemes have been initiated to allow
seniors to monetize their assets including
reverse mortgage and assistance for seniors
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wishing to downgrade to smaller ﬂats or to sublet
their apartments. Another thrust has been to
enhance the older population’s ﬁnancial security
through employment for as long as possible. The
Tripartite Committee on Employability of Older
Workers has recommended a four-pronged
approach towards senior employment: expand
employment opportunities for older workers,
enhance the cost competitiveness of older
workers, raise their skills and value, and shape
positive perceptions towards older workers.28 In
January 2012, the statutory minimum retirement
age was raised to 62 and employers are required
to offer re-employment up to age 65 to
employees who turn 62.29

Provide holistic and affordable
healthcare and eldercare
All elderly, rich or poor, healthy or frail, are
potentially in need of healthcare and eldercare
services. Singapore’s healthcare policy emphasizes health promotion and disease preven-
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tion. The foundation of Singapore’s healthcare
is access to good, affordable and appropriate
healthcare for all Singaporeans through a combination of market forces and national healthcare ﬁnancing framework supported by government subsidies and infrastructure. The national healthcare ﬁnancing framework includes
individual responsibility and government subsidies, for example,
∙ Introduced in 1984, the Medisave national medical savings scheme in individual CPF
account helps individuals to set aside part
of their income in personal accounts to
meet future medical needs for themselves
or their immediate family;
∙ Introduced in 1990, the MediShield is a copaid, low cost insurance scheme to help
meet medical expenses from major or prolonged illnesses that Medisave balances
would not be sufﬁcient to cover;
∙ Introduced in 1993, the MediFund is an endowment fund set up by the government to
help poor and needy Singaporeans who are
unable to pay their medical expenses;
∙ Introduced in 2001, the ElderFund is dedicated to subsidize step-down healthcare
services to the needy;

∙ Introduced in 2002, the ElderShield is an insurance scheme to cover severe disabilities,
especially at old age.
As part of this national framework,
healthcare affordability for older population
is ensured through government subsidies to
hospitals30. Healthcare and eldercare policies
are directed to the basic needs of the less
privileged. Less well-off Singaporeans have
their Medisave accounts topped up when the
national budget permits. Destitute persons
receive a monthly allowance and free medical
services during times of illness.
Aside from subsidies, the government assiduously promotes healthy lifestyles and
regular health screenings for early detection
of illnesses to lessen the risk of major illness.
The older population is encouraged to remain healthy and active in the community for
as long as possible (See Figure 3). Since 1994,
the Singapore government has prepared an
Eldercare Master Plan (reviewed once every 5
years) to ensure that existing eldercare service
provisions and delivery remain relevant and
available to meet the new and emerging needs
of older population (Box 2).

BOX 2: KEY TENETS OF SINGAPORE’S ELDERCARE MASTER PLAN

Three key tenets:
1. Setting up the physical infrastructure and a local community service delivery system, e.g. 1-stop multiservice community-based centers at the community level and neighborhood links (drop-in centers) at the
neighborhood level;
2. Restructuring funding for service providers to give focus on affordability of services, e.g. sliding subsidy
scale with higher subsidies for lower income, funding eldercare services on per capita basis; and
3. Ensuring a continuum of programs and services targeted at the healthy elderly, the frail elderly and their
caregivers, e.g. senior activity centers, befriender service.
Source: Ministry of Community Development and Sports (2001). Eldercare Master Plan FY2001-FY2005.
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Figure 3: Public spaces are designed for older residents to enjoy leisure activities and exercise. Source: Belinda Yuen
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Enable ageing-in-place
An elder-friendly built environment is a basic
barometer of the degree to which seniors have
access to services and are integrated into the
community. Like many other cities, the key
principle adopted in Singapore’s housing and
land use policies is for seniors to age in place.
That is, the policy would facilitate older folks
to grow old in the same home, community and
environment that they are familiar with, with
minimal change or disruption to their lives and
activities. The thrust of the land use policies
is to provide a comprehensive range of housing options complemented with good support
care services and a more elder-friendly public transport system over the long term (see
Figures 4 and 5). Several measures have been
introduced including,
∙ In 1990, a code on barrier-free accessibility
in buildings was enacted to ensure that new
buildings conform to barrier-free provisions;
∙ In 1998, studio apartments equipped with
elder-friendly ﬁttings and features were
introduced as a customized public housing option for the older population (Box 3).

With 82% of Singapore’s resident population
living in public housing, besides new-built,
the public housing authority has been making universal design improvements to older
estates and ﬂats. These improvements are
aimed at promoting and helping occupants
to stay on in their existing ﬂat as they age.
The government provides up to a maximum
of 95% subsidy for these elder-friendly
improvements, depending on ﬂat type;
∙ In 2001, a lift upgrading program was introduced to allow lifts to be provided at every
level of high-rise public housing where
feasible;
∙ Since 2000, the Land Transport Authority has been retroﬁtting existing mass rapid transit stations to ensure elder accessibility, and introducing low ﬂoor, step free
and wheel chair accessible buses on all public buses;
∙ In 2011, a whole-of-government City for All
Ages project was launched to encourage
the development of age-friendly products
and services, and integration of services
with the built environment for ageing.

BOX 3: STUDIO APARTMENTS FOR ELDERLY

These apartments are specially designed public housing accommodation for the elderly. Studio apartments
have a 30-year lease and are of two sizes: 35m2 and 45m2. To be eligible for a studio apartment, the
applicant must be at least 55 years old at the time of application and must be a Singaporean. These
apartments are usually located in public housing estates with well-established transportation networks and
accessible facilities and amenities. All the units are provided with kitchen ﬁttings, wardrobe in bedroom,
water heater for bathroom and elder-friendly features including lever taps, wider doors for wheelchair
access, rocker switch, non-slip tiles and leveled ﬂooring, bathroom with support bars, pull cords alarm
located throughout the ﬂat, enlarged door eye viewer, grab bars at the front door and corridors to ﬂat,
emergency panel at lift lobby on every ﬂoor. The aim is to allow the residents to move in quickly and avoid
the hassle of house renovation.

Source: Housing and Development Board website, http://www.hdb.gov.sg accessed 10 June 2015.
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Figure 4: Green Man+ at trafﬁc junction to give seniors more time to cross road. Source: Parvathi Nair
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Figure 5: A network of sheltered walkway connects the public housing resident from apartment building to key facilities like bus-stops.
Source: Belinda Yuen
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Promote active ageing
The concern is to foster a society where the
older population maintain an active, engaged
lifestyle and continue to be valued as contributing members while remaining actively engaged in their families, communities and society. Since 1999, active ageing is encouraged
through public education programs on active
lifestyles, healthy living, social networks, lifelong learning and strong family ties. In 2005,
the government committed S$20 million to a
Golden Opportunities! Fund to provide seed
funding for programs and activities that promote active ageing. These may include the development of senior volunteerism, social networks, lifelong learning and inter-generational
bonding, among others (Box 4).

Complementing the government policies is
an evolving network of supporting agencies
to advance the vision of successful ageing.
They include,
∙ In providing holistic and affordable
healthcare and eldercare, two agencies
were formed in 2009: a) Agency for
Integrated Care (AIC) was established
as an independent corporate entity to
enhance and integrate immediate and longterm care sector including advising and
guiding patients and their families on the
use of appropriate healthcare services; b)
Centre for Enabled Living (CEL) was set
up as a one-stop center for seniors who
need eldercare and supportive services via
partnership with service providers;31

BOX 4: THE GOLDEN OPPORTUNITIES! FUND

This is a fund for community-level initiatives that create more opportunities for seniors to remain active. It
provides seed funding for projects:
1. On a project level and once-off basis for a period of up to 3 years;
2. On a cost-sharing basis, up to 80% of the supported project cost at a cap of S$300,000; and
3. For manpower cost for coordination of the activity, recruitment and training, deployment and management of
volunteers and other operating expenditure.
The project should provide opportunities for older persons (aged 55 and older) to be engaged in the community
and/or to contribute their skills and knowledge; promote the objectives of senior volunteerism, healthy living,
lifelong learning, intergenerational bonding, development of active lifestyles and social networks and the
likes; and be secular in nature. The desired outcomes are: active seniors who develop programs or activities
for themselves and other seniors; and a vibrant seniors’ voluntary sector that is able to develop and deliver
interesting activities and programs for seniors.
All organizations based in Singapore are invited to submit their proposals for funding. Individuals are welcome
too. They will be matched with suitable organizations, where appropriate.

Source: Ministry of Community Development, Youth and Sports, Golden Opportunities! Fund Proposal Kit.
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∙ In promoting active ageing, the Council for
Third Age has been set up in 2007 to promote active ageing as a way of life and to
foster a vibrant pro-age Singapore through
events and exhibitions, with focus on lifelong learning, social gerontology and optimism on senior employability. The current
responses to active ageing emphasize seven dimensions of wellness among seniors:
physical wellness, intellectual wellness, social wellness, emotional wellness, spiritual
wellness, vocational wellness and ﬁnancial
wellness.
While much remains to be done, Singapore’s
efforts thus far illustrate an integrated approach. Even though driven by the government, addressing population ageing is an issue
that calls upon the collaboration and partnership of public, private and people sectors.
More than a challenge, a positive attitude towards the older population is being promoted
across a range of economic, social and physical issues, in senior employability and ﬁnancial
security, healthcare and eldercare, active lifestyles, ageing-in-place, active ageing, and at
all levels of society.

CONCLUSION
All trends point to population ageing in the
decades to come. Asia is the world’s fastest
ageing region. Older people will be in all areas
– in rural communities as well as in towns and
cities. Addressing population ageing is no longer just an option; it is a necessity.
Even though the ageing process is different for everyone, some fundamental changes
could be expected in their vision, hearing, motor control, cognition and memory as people
age. This will affect health and mobility issues,
and ultimately, the design of the city. It is easy
to view ageing as a deterioration of human life
and a challenge. But, the experiences of Japan
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and Singapore suggest that this is not necessarily the case. Population ageing can bring
positive beneﬁts and opportunities. Older
people can continue to contribute to their
community and to the labor market with their
skills and experiences. They can even open up
a new silver economy. That is, the need to address population ageing should be recognized
as a challenge as well as an opportunity.
Urban planners in their aim to create
economically, socially and environmentally
sustainable cities cannot, therefore, neglect the
needs of the older population. The beneﬁts of
sustainable communities should be accessed
by all residents across all ages and socioeconomic spectrum. This must include the
older population. As populations are set to
become more elderly in cities of the future, it
is important for urban planners to understand
and address the older population’s needs now,
not later, especially in light of infrastructure
and building path dependencies. As the World
Health Organization reminded, there is a need to
develop age-friendly policies and programs in the
built environment (e.g. housing, outdoor spaces
and buildings), in service provision (e.g. health
services, transportation), and in social aspects
(e.g. civic and social participation) as the relative
importance of older population grows.32 Many
examples and good practices prevail.
This paper has presented the urban policy
and development responses in two Asian countries – Japan and Singapore. These responses
are not exhaustive, but are included to illustrate what might be possible with vision and an
integrated approach. In both Japan and Singapore, we see the state playing a leading role
to generate positive spillovers on population
ageing. This has given rise to innovations, in
terms both of policies and of instruments (e.g.
utilizing a whole-of-nation approach, creating senior studio apartment), in remaking existing housing, infrastructure, neighborhoods
and towns in the face of an ageing population.
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BUILDING AGE FRIENDLY CITIES

The evolving efforts are being made to provide
more age-friendly environments to encourage
and enable larger number of older people to go
on being active and living in their own homes
as long as possible instead of in institutional
aged care places.
Importantly, Japan and Singapore’s developments demonstrate that addressing population ageing cannot be the lone action of urban
planners and/or the state. It requires partnership and collaboration of all stakeholders including the private and people sectors, no less the
elderly themselves, and an emphasis on local
solutions to ensure a ‘society for all ages’.
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EXEMPLARY, FORWARD-LOOKING CITY PLANS

MAKING A NEW DISTRICT
CENTER USING EIGHT PRINCIPALS
CHENGGONG, A NEW TOWN
NEAR KUNMING, CHINA
ZHIGAO WANG · ZHUOJIAN PENG
JIANGYAN WANG · PETER CALTHORPE

Chenggong overview.
Courtesy of Chenggong Land Service Center
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INTRODUCTION
Kunming, the capital of Yunnan Province, has
been the focus of tremendous urban expansion over the past decade. To accommodate
this growth, four new planned towns will be
constructed. These new towns and Kunming will
be inter-connected by a robust transit network
consisting of several bus rapid transit (BRT) lines
and two Metro lines.
Chenggong, the largest of the four planned
new towns, will become the new provincial capital.
The site for this new town, located 15 km southwest of Downtown Kunming, has an area of 160
square kilometers which extends east to west from
the foothills of Liangwang mountain range to the
banks of the picturesque Dianchi Lake. Within this
area there are several cultural sites of local and
regional importance as well major natural landmarks (see Figure 1), such as Kuige Tower, Dianchi Lake and Longtan Mountain. The area has a
strong local tradition of horticulture, and the Dounan Flower Market in Chenggong is reputed to be
Asia’s largest wholesale ﬂower market.
In recognition of the ecological wealth of the
region, the development of the new town was
intended to promote a low carbon footprint by
achieving an overall jobs/housing balance and
the provision of rich transit opportunities.
The program for Chenggong New Town calls
for the creation of an education focused center
which would include nine universities and colleges, a major new center for education, as well
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as research and related centers. It will establish
Chenggong as a knowledge base for the entire region. In addition to a comprehensive mix
of academic and research facilities, the 1,500
hectare education center program includes residences for approximately 20,000 teachers, a
total student population of 150,000 and houses
for displaced villagers. .
An indication of the importance of Chenggong
is its planned high speed rail hub at Kunyu Rail
Station which will ultimately serve an estimated
200,000 passengers each day. Its three high
speed rail lines will connect Kunming to Shanghai, Chongqing and Guangxi. It is estimated that
by 2020, the annual number of passengers would
reach 31.2 million and by 2030, 44 million. There
are also proposals to extend the rail network
across the border to South East Asia.

FEATURES OF
THE EXISTING PLAN
Construction of Chenggong began about
12 years ago. At present, the population of
Chenggong is estimated to be 300,000 but
is expected to reach 1,500,000 over the next
twenty years, with over 625,000 jobs incorporated into mixed-use districts.
The future city center, which is called the
Central Area of Chenggong is an area of 8km2
(see Figure 3). It will be Chenggong’s future
commercial and activity center with a high development capacity.
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Figure 1: Natural and cultural landmarks
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THE GOVERNMENT CENTER PARK AREA

YUNNAN UNIVERSITY

THE GOVERNMENT CENTER

KUNYU RAIL STATION

Figure 2: Chenggong existing conditions
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Figure 3: Chenggong Central Area
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Like the whole District, the City Center’s original design was quite car oriented. Little had
been built except segments of primary roads.
The planned urban form was a super block road
system (the scale of blocks was around 300 to
500 meters and roads were 40 to 80 meters
wide). Figure 4 shows some of the built-up
blocks surrounding the area.
After the construction of Chenggong began,
an analysis of the existing plan and built areas
was conducted. This study found that while
its physical footprint respects the natural environment, preserving and enhancing the lake
edge as well as the natural topography of local
hills and the surrounding mountains, and that
the overall development is dense and served
by multiple transit lines and technologies, the
plan lacks walkable, mixed-use neighborhoods
and transit centers. The analysis also found the
following problems which are typical of a car
oriented development approach:
1. The wide roads and giant intersections are
major barriers for pedestrian and bicycle
movement;
2. Large mono-functional blocks make connections between origins and destinations
difﬁcult, which encourages automobile
travel;
3. Big building setbacks along roads block
interactions between pedestrian and buildings thus make streets lack of human touch;
4. Distantly spaced buildings and large open
spaces reduce urban compactness, waste
valuable urban land and make the city center economically less viable; and,
5. Low road network density tends to make
auto-trafﬁc concentrate on limited largescale roads, which will cause trafﬁc congestion and deadlocks.
See Figure 4, a giant intersection that becomes a major barrier for pedestrian to cross.
Figure 4: Built up roads inside the central area and blocks next to it
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DEVELOPING NEW
PLANNING PRINCIPLES
Aiming to correct the problems in the previous plan, a new center city conceptual plan
was developed by a consulting team headed by
Calthorpe Associate1. Based on this conceptual
plan, the consulting team then made a Regulatory Plan, which is the legal land use code for
future development.
The planning objective was to build a walkable, bike-able city center. From this objective,
eight planning principles were derived:
1. Develop neighborhoods that promote
walking;
2. Prioritize bicycle networks;
3. Create dense networks of streets and
paths;
4. Support high quality transit;
5. Zone for mixed-use neighborhoods;
6. Match density to transit capacity;
7. Create compact regions with short commutes; and,
8. Increase mobility by regulating parking and
road use.

Figure 5: The centers inside and outside the central area
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These principles can tailor the urban form to
transit use, biking and walking. Compared to
the dominant superblock and single use practice in China, which results in auto dependence,
they will lead to cities where people are able
and willing to take transit, bike or walk to their
daily destinations, thus reduce fuel consumption, congestion and air pollution. These principles also reﬂect some of the key features of
Transit Oriented Development (TOD), which
is widely accepted as a sustainable urban development approach.
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Figure 6: Rendering of the central area
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Figure 7: Illustration of Caiyun Road
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Figure 8: One way couplets

Figure 9: Auto-free streets

Applying the Principals
to the Center City

around metro station that has only 1 line; and,
‘Town Center’ is an area covering 600 meters
around a BRT station that has 2 or more bus
routes. In all, the site has a rich transit network
that creates one ‘Commercial Center’, four
‘Urban Centers’ and seven ‘Town Centers’ (see
Figure 5). These station areas and their transit
capacity then sets the hierarchy of density and
mix within the overall central area TOD.
After designating the TOD area with large
capacity transit stations, the overall plan for
the area is developed using the dense network
street system and detailed small block zoning
(see Figure 6).
As construction of the old super block street
network was already underway, the street
easements and in some cases the completed
street sections were modiﬁed. Foremost the
central boulevard, Caiyun Road, a ten-lane arterial measuring over 80 meters was modiﬁed into a series of ‘park blocks’ (see Figure 7)
with small one-way streets on each side. Rath-

Given this basic framework, the central area
was selected for modiﬁcation to demonstrate
how sustainable development approach can be
applied to an ‘in-progress’ development area.
The central area is bounded by an expressway to the west, open space and existing development to the north, and the universities and colleges on the other sides. It has two
metro lines with 6 stations, one of which is a
major multimodal station combining the two
metro lines. In addition there are multiple BRT
routes and stations along with the high-speed
rail station. In order to maximize the transit
service, the consulting team tried to match the
development density to the transit capacity
(Principle # 6) by designating 3 types of centers by transit capacity: ‘Commercial Center’
is an area covering 800 meters around metro transfer stations that have 2 or more lines;
‘Urban Center’ is an area covering 600 meters
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Control Measures

Requirements

Max. building height

10 stories

Total max. FAR

2.7

Non-residential
Max. FAR

0.12/0.4

Max. site coverage (net)

40%

Min. green coverage

30%

Street frontage

70% - 90% for buildings fronting East/West streets; 60% 80% for buildings fronting North/South streets

Max. and Min. street setbacks

0-5m for buildings fronting East/West streets but 0-2m for
at least 15m from street corner 0-2m for buildings fronting
North/South streets.

Solar interval

Northside - building height limited to ROW dimension plus
setback. Interior - 1:1 ratio between building height and
distance to bottom of ﬁrst residential ﬂoor

Tower max. ﬂoor plate

N/A

Primary pedestrian entry

Several entries are allowed. Primary entry must be located on
and directly accessible to the most important public space or
street that a parcel fronts.

Parking structures

Below grade parking structures are preferred in all cases and
should be combined to reduce the height of any above grade
structures

Parking ratio

Max. 1 spot/ dwelling unit

Parking entry/exit

Parking entry/access should not be located on 50m wide
street, and be less than 20m from intersections

Table 1: Multi-story residential site development standards

er than a central axis dominated by trafﬁc and
cars, the area now centers on green space that
is pedestrian, bike and transit friendly.
Other major through roads were modiﬁed
into pairs of one way couplets to provide for
large volumes of cars without becoming barriers to the pedestrian (see Figure 8). Numerous auto-free streets were added to provide
more opportunities and convenience for bikers
and pedestrians (see Figure 9). Finally local narrow streets were added to increase access to
the individual blocks. These changes produced
a human scaled street and block system which
averages 50 intersections per square kilometer
and blocks that average 1.5 hectares each. The
pedestrian never has to walk more than 70 meters to reach an intersection and the crossing of
travel lanes is never more than 12 meters.
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In all cases the redesigned street sections
provide generous areas for pedestrians and
safe, protected lanes for bikes. And perhaps
just as important, the zoning requires streetlevel buildings, shops, cafes, and useful ground
ﬂoor activities. Street-life and walkability are
at the heart of the new street network.
Next the human-scaled blocks are zoned
using six proto-typical small blocks ranging
in density from 4.0 to 2.7 Floor Area Ratio
(FAR) for residential blocks and 8.0 to 4.0 for
commercial. Each of these ‘small blocks’ have
a series of design standards which establish
development controls. The design standards
also detailed urban design criteria that ensures each development will contribute to
the human scale character and low carbon
goals of the district (see Table 1 for an illus-
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Figure 10: Development near the station where two metro lines intersect

tration of residential blocks with FAR 2.7).
By clustering high density and commercial ‘small blocks’ at the key transit stations,
the district gains a varied skyline as it rationally distributes jobs and housing close to transit opportunities.
Foremost is the commercial area of approximately a million square meters located at the
crossing of the two Metro lines (see Figure 10).
This area becomes effectively the focal CBD of
the new town and the new town’s regional retail destination.
Finally civic elements such as parks, schools,
and public facilities are located to enhance their
accessibility without auto use. The end result is
that no child must walk more than 400 meters
to a school or local park and residents never
more than 400 meters to a transit station.
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GETTING EXCEPTIONS
TO THE REGIONAL GUIDELINES
Planning rules in China are very hierarchical. Therefore guideline contained in the “Kunming Urban Rural Planning Management Technical Guideline” (hereafter called the Guideline) would also apply to the planning for
Chenggong. However, this regulation deﬁnes
many technical details in local land use planning which are very much pro-car standards
and which directly conﬂict with the concepts
that the 8 principles propose. As a result, these
technical requirements had to be violated in
order for the plan to be human scale.
The central area plan sets up a number of
new standards in land use control, which broke
the rules of the Guideline where they were not
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Road Width D (m)

Building Setback (m)

Express way

50

D>50

40

35<D≤50

30

25<D≤35

20

15<D≤25

10

D≤15

5

Table 2: Building setback requirements in the Guideline

consistent with the 8 principles. The following
are some of the breakthroughs comparing to
existing requirements of the Guideline:

1. Building setbacks are made much smaller
The Guideline stipulates that building setbacks
are principally linked to the width of the roads
next to the buildings. In effect, wider roads
have bigger building setbacks. As shown in
Table 2 that is cited from the Guideline.
The standard may work without too much
problem in the context of super blocks. However, it will cause major problems when the
land blocks are small. For example, when block
size is less than 150 meters, which is the case
of Chenggong central area, the big setbacks
may “eat up” all the land block and make any
building type unfeasible to ﬁt in the block. In
addition, big building setbacks are the enemy
of street vitality. Urban areas built under such
standard are less compact, which makes land
development economically less viable. Learnt
from the urban morphology of traditional Kunming city center, a new standard requiring
much smaller building setbacks were adopted,
as shown in Table 1.

2. Building frontage is controlled
to ensure active street wall
In additional to smaller setbacks, the continuity of street walls also has signiﬁcant impact on
street vitality. Instead of single point high-rise
buildings, the plan proposes court-yard style
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block types, which call for a high percentage of
building edges to cover the lines formed by the
minimum building setback. As shown in Figure
11, the coverage rate is 70%-90% for buildings
facing an East-West street, and 60%-80% for
buildings facing a North-South street. This reﬂects the fact that East/West oriented properties, especially residential units, are less
popular in the Chinese market.

3. Building coverage and green coverage
were allowed to have more ﬂexibility
Like many other Chinese new towns pursuing large scale open space, establishing large
green areas in residential blocks is an important goal for the planning management authority, the developer, and the market. However, under the conﬁguration of small blocks,
meeting the open space demand is challenging. For example, the Guideline ,”… encourages raising building height, lowering building density so that there can be higher road
density, more green coverage, and more open
space”. It further requires that green coverage shall not be lower than 30% for residential and 20% for commercial. This can be realized without causing much problem for large
blocks, but will create very boring urban form
for small blocks since buildings may be forced
to be single slim high-rises. This is against the
8 principles. In order to increase the compactness, the building coverage and green coverage were relaxed.
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4. Intersections are smaller
Large intersections are big barriers for pedestrian and bicycles. They are caused by a few
factors, including non-human scale road width,
big curb radius for right turns, and the typical
practice of widening road near intersections to
create additional trafﬁc lanes, so called “channelization”. These are all car-oriented treatments that violate the 8 principles. As mentioned before, one way couplets were used to
replace the previously planned giant roads. In
addition, curb radius were limited up to 10 meters based on a lower design speed for turning
movement; and channelization is strictly limited to only a few built intersections.

5. Mixed land use is allowed
Mixed use in block level is not encouraged by
the Guideline especially in the case of ground
level commercial in residential buildings. The
rationale is that it is detrimental to a healthy
living environment due to noise and air pollution. However, a mix of commercial, residential and other uses is critical for creating 24
hour activity. Proofs of this are ubiquitous in
Kunming’s old city center. In the new plan, the
rule of the Guideline was ultimately broken.
Residential block are allowed to have 10%20% commercial and commercial blocks are
allowed to have up to 40% residential where
necessary, and vertical mix uses are allowed
in buildings.

6. Parking supply is restricted
Rapid urbanization and motorization made
the practice of providing “enough” car parking mainstream in new urban development.
Car parking requirements in the Guideline
are linked to land use types. Each type has
a minimum requirement, no limit for maximum, and does not allow variation by location. This is clearly problematic. For example,
based on the 8 principles, some land blocks
around metro station are assigned very high
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Figure 11: Sketch block development
templates in a small road network
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Figure 12: Mix use block under construction

development capacity. If parking is allocated
according to the Guideline, these blocks have
to develop parking deep into the ground for
no less than 5 building stories. This is not economically viable. To solve the problem, a differentiated parking strategy was introduced.
The land blocks inside the Chenggong central area were divided into two types of sub
areas according to their proximity to metro
stations. The blocks that are closest to metro stations are allowed to cut their parking requirement by half. In addition to this, for the
whole Chenggong central area, car-parking is
capped and there is no minimum requirement.

7. Pedestrian, bike and bus exclusive
streets are introduced
The use of public transit, walking and bicycles
are considered low carbon green transportation modes and are given the highest priority for the Chenggong central area. In addition to two metro lines and several BRT lines
every 600-800 meters, a bike and pedestrian
only street network was planned. One street
was designated to bus, pedestrian and bicycle
only. The use of streets is not usually con-
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trolled in the city’s legal land use code but the
central area was made an exception.
The above exceptions to the Guideline are
not trivial given that the mainstream approach of planning new cities is very much
car-oriented as China is undergoing rapid motorization. Thanks to an article in the
Guideline to allow “special areas” under certain circumstances, the central area of Chenggong was designated a “special zone” that applies its own standards.

IMPLEMENTATION
In order to ensure that the road network is implemented in strict accordance to the new plan,
a road network constructional planning was
done later on. This speciﬁed every road section, intersection layout, under-ground parking access, road side parking, and the network
wide trafﬁc operation plan. All the built roads
are expected to be adapted according to the
new plan in the near term except for the Caiyun Road, as it is the primary road for through
trafﬁc before the area is fully built. Once the
couplet along Caiyun opens, it might be ne-
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cessary to reconsider the original proposal to
change it into a park road.
Much work is underway to implement the
new plan. At the end of year 2014, there were 5
sites under construction and 4 in the process of
acquiring construction approval. Figure 11 shows
the built condition for one of these projects.
Due to a major slowdown of the economy and
cooling down of real estate market, the central
area has been developed quite slowly. Developers who wanted exemptions from the plan, such
as removing a road or changing its functionality (which is a typical practice in China) were rejected by the local government. The government has persevered in preserving the plan.

CONCLUSION
China’s urban area is expanding at an unprecedentedly fast pace. The built-up area has
been increasing by an annual rate of 5.8% in the
past two decades, which represents 1230 km2
new development on average each year, predominantly car-oriented and much in the form
of superblock and giant roads. Making sure
that the urban area is formed with the right
gene is critical as it will have a long term impact on the sustainability of Chinese cities and
a global impact on carbon emission, given the
magnitude of development and population of
China. The experiment in Chengong’s central
area deviates from the typical urban planning
practice in the country. The 8 principles form
a new urbanization paradigm that cares about
people and urban vitality. The breakthroughs
from traditional technical standards are essential to make the area human scale, transit
oriented, walkable, and bike-able. It could be
a milestone in the transformation of Chinese
new urban development.

ENDNOTE
1 This plan was partially funded by the Energy Foundation.
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INTRODUCTION

MAKING STREETS SMILE

China’s rapid urbanization during the last few decades has given rise to its description as a country
with “a thousand cities of the same face”1. There
is no other country in the world that has had a
bigger increase in motorization rates in the last
ten years, bringing about extensive networks of
identical wide roads, highways and urban sprawl
in all cities across the nation. Chinese cities have
begun to become indistinguishable from one another, with an endless sea of concrete and broad
roads. The speed and scale of its urban development has not only increased emissions and trafﬁc
congestion contributing to climate change and
worsened air quality, but has also led to a loss
of the intangible, but important, quality of life in
cities. Lost are the characteristic street life culture
and urban charm created by pedestrians and cyclists who used to ﬁll the streets of Chinese cities.
To overcome this problem, a movement to revitalize public space networks has recently surfaced
whose goal is to reclaim a traditional sense of
place and character within Chinese cities.
Chongqing, major city in southwest China, is
one of many cities that have experienced a signiﬁcant loss of its pedestrian street networks to
the vast, new infrastructure for cars. The areas left
for pedestrians have become deteriorated and this
has affected the overall street life culture and traditional sense of place. Consequently, since 2011,
Chongqing has aimed to improve the pedestrian
paths and revitalize its public space network.

Making streets SMILE is a conceptual framework
we have developed for shaping urban pedestrian and bicycle friendly streets, ultimately improving public spaces. The concept asserts
that the street is not only a vehicle thruway but
a public activity space being an organic part of
the urban environment. As such, the design of
streets should take on a human-focused design
intended to facilitate those who walk and bike
in addition to accommodating the design requirements needed for cars and other moving
vehicles. The framework includes both technical planning principles and functionally aesthetic principles and is intended to serve as a guide
that is based on a set of proven principles. It is
meant to be ﬂexible in varying contexts. SMILE
is an acronym representing the ﬁve main principles of pedestrian and bicycle transportation
system design: Small, Maintained, Integrated,
Lively and Enjoyable.2
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SMILE Principles
Principle of “Small”
Human beings as individuals are relatively short,
slow animals. As a group we are about 1.5 to 1.9
meters tall and move horizontally at a speed of
5 kilometers per hour. Consequently, the construction of a pedestrian and bicycle friendly
streets should abandon the large-scale design
based on vehicle speeds of 60 to 100 kilom-
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eters per hour. For this reason, we should return to a human-oriented scale of building; one
which stresses that “small” is good, recognizes our direct sensory characteristics, and provides a friendly space environment, scaled for
human walking, standing, resting, watching, listening and talking. For this reason, we should return to a human-oriented scale of building; one
which stresses that “small” is good, recognizes our direct sensory characteristics, and provides a friendly space environment, scaled for
human walking, standing, resting, watching, listening and talking. Desirable design solutions include making appropriate rights of way for pedestrians and bicycles based on demands, narrow
the streets or vehicle lanes whenever possible,
adopting small corner curb radius at intersection to slow down the turning trafﬁc, and so on.

Principle of “Maintained”
Pedestrians and cyclists are more sensitive to
the street environment than people in vehicles. Therefore, the maintenance standard of
street space for pedestrians and bicycles should
be higher than that for motorized vehicles. To
achieve this, a package solution from the government is warranted. For example, developing
a clear mechanism for operation and maintenance, the assigning of speciﬁc responsibilities
across agencies, the development of related
technical guidelines and standards. As ongoing
fast urbanization generates many construction
sites and road reconstruction which often create difﬁcult movement barriers, the safe passage of pedestrians and cyclists needs to be
maintained by providing clear guiding signage as
well as the careful treatment of the street façade during construction.

Principle of “Integrated”
Streets should integrate a variety of spaces
which accommodate different users and activities. These spaces should form an organic part of every city’s comprehensive trans-

174

portation and public space system. In particular, close attention should be paid to the
integration of transit with walking and biking to solve the “last-kilometer”3 problem
. Additional careful treatment should be taken at
bus stops and adjacent areas so that arriving or
departing buses will not cause danger to pedestrians and cyclists. Also important is to guarantee the basic right of way of pedestrian and bicycle transportation and to prevent encroachment of vehicular trafﬁc or parking through
design.

Principle of “Lively”
The environmental quality of streets is closely linked with their being lively and having vitality. In densely developed Chinese cities, many
streets may be found to have high pedestrian
trafﬁc, but if the spatial quality is low, travelers will pass through streets only in a hurry with
little incentive to linger. Streets should be designed to encourage human activity. A street
where people stop and carry out activities
often can attract more people to participate in
street activities. On the contrary, a street without vitality will make people feel dull and might
even promote a sense of insecurity, resulting in
abandonment by all people. In The Death and
Life of Great American Cities4, Jane Jacobs calls
the scene constituting of playing kids, chatting
people, shouting vendors and buyers, neighbors
greeting to each other and other activities on
the street as “sidewalk ballet”. To make streets
lively, inviting people to stay in streets through
design and programming is as important as to
carry the movement of peoples and vehicles.

Principle of “Enjoyable”
Only when street design adheres to the principle of “enjoyment” and brings happiness to pedestrians and cyclists, can it really “invite” people
to give up driving and shift to green travel.
Smooth sidewalk pavements and the avoidance
of steps is the basic design requirements. Con-
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Figure 1: Aerial photo of Yuzhong Peninsula. “Source: Google Earth, 2014”

Figure 2: Traditional Street Life in Chongqing. Source: He, 2009
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tinuous handrails should be set up on both sides
of the pathway of ramps and stairs to make
them usable and friendly for older people and
for kids. Arbor trees on streets are desirable
because of their shading effect. Ground-level
crossings are generally preferred. Colored or
elevated crosswalks can delimitate and highlight
the crossing space with higher priority given to
people. When providing recreational facilities,
wooden backs and armrests are recommended
for seating furniture. The integrated design of
small public artworks and street furniture is encouraged to boost the distinctive characteristics of the streets or areas.

THE “MOUNTAIN CITY”
OF CHONGQING AND THE
YUZHONG PENINSULA
Chongqing, known as the “mountain city” for its
hilly topography, has become one of the main
cities in southwest China. It is one of the four
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direct-controlled municipalities, along with Beijing, Shanghai, and Tianjin— and has a population of over 28 million residents. It is the center
of the upstream Yangtze area and its growth has
resulted in its 2012 designation by the Chinese
Government Economist Intelligence Unit as one
of China’s thirteen “emerging megacities”. The
Yuzhong Peninsula, with a population of about
700,000 residents, has served as the business
and historic center of the city (see Figure 1).
Due to its mountainous landscape, walking
has long been a necessary and popular mode of
transportation within the center city. While the
steep hills can be challenging for cars and bikes,
a network of staircase footpaths has provided
efﬁcient routes for centuries. In fact, Chongqing is known for this unique type of pedestrian network, which has become a symbol of
the city. The network has evolved to adapt to
the mountainous topography, creating convenient shortcuts connecting upper and lower terraces. In their long history of existence, foot-
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paths in the network have served as both pedestrian trafﬁc corridors and as local public life
arenas where social activities take place (see
Figure 2), and such functions still remain today
for local residents.
Although it was found in 2009 that 53 percent of local residents prefer to walk within
the main city, walking had actually decreased
due to the urban infrastructure redevelopment projects over the last few years. During
this time increasing public resources were allocated to building roads and other transportation
infrastructure to accommodate the number of
cars. In addition major city regeneration efforts
coupled with rapid motorization has signiﬁcantly affected the traditional pedestrian streets.
Some popular alleys have completely vanished
and have been replaced by superblocks, and the
number of pedestrian shortcuts has shrunk signiﬁcantly. There has been less space for public
life and subsequently a diminishing traditional
street life.

ROUTE 3 PEDESTRIAN STREET
Strategy and Approach
In 2010, the Chinese central government selected Chongqing as one of the pilot cities to
implement the national non-motorized transportation demonstration program. Responding
to this designation the Chongqing government
developed a strategy to revitalize its traditional pedestrian network. The goal of their program was to regenerate the vitality of the city
by bringing back green travel modes through
improving the quality of the pedestrian lanes,
ultimately changing notions towards walking
and stimulate public life.
In mid-2010, the municipal government and
urban planning bureau came together with
Energy Foundation (EF)5, China Sustainable
Transportation Center (CSTC)6, Gehl Architects
(GA) and Chongqing Urban Planning and Design Institute (CUPDI) to develop a pedestrian
network master plan for the Yuzhong Penin-

Figure 3: Pedestrian Network Master Plan for Chongqing
Yuzhong Penninsula. Source: CUPDI, 2010
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Figure 4: Strategy Map for Three Routes in Chongqing. Source: Gehl Architects

sula, an area of about 9.5 square kilometers
and the cradle and heart of Chongqing city.
As shown in Figure 3, the network was mainly comprised of 5 horizontal lines, 12 vertical
lines and 1 loop. The 5 horizontal lines represented 5 corridors to accommodate east-west
pedestrian ﬂows along standard city streets
where the condition of sidewalks needs to be
improved. The 12 vertical lines represented 12
staircase footpaths running south-north to
connect upper and lower terraces and the two
rivers. The 1 loop, with a length of 10.5 kilometer, was planned along the river to connect
the most popular river front public spaces and
to serve recreational and sightseeing activities.
The plan also proposed to add 23 escalators
and elevators at critical locations to enhance
the overall connectivity and user-friendliness
of the network with mountainous topography.
In parallel to the master-plan efforts, three
routes were carefully studied to further develop micro-level intervention strategies.
These routes were selected because of their
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high usage and proximity to major destinations
and public centers. More importantly, they
represent diversity in terms of their functions
and spatial patterns.
Typically, improvements in urban planning relay information about transportation ﬂows and
parking patterns and little attention is paid to
the function of the spaces and how people actually use them. To avoid this problem, the Yuzhong Peninsula study methodology was enhanced with observational and focus group
studies designed to assist the planners to better understand existing conditions. The SMILE
conceptual framework was reﬂected to evaluate spaces and as was a Public Space Public Life
survey developed by Gehl Architects. This survey carefully documented the extent and condition of existing public space such as streets,
facades, urban furniture and amenities. It also
recorded public life including various types of
stationary activities conducted in public spaces.
Analyses upon the survey identiﬁed several
key opportunities as well as critical problems.
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The Yuzhong Peninsula had many existing small
and human-scale neighborhoods, streets with
sufﬁcient space and trees, and booming traditional small shops and businesses. However,
the studies also revealed poor connections between sites, bad integration of public spaces
with the public transit system, difﬁculty crossing at cross-walks, signiﬁcant jaywalking, and
numerable inactive street frontages. Therefore,
eight design strategies distributed along the
three routes were recommended (see Figure 4):
1.

2.

3.

4.

5.

6.

7.

8.

Identify high quality streets and good
connections;
Reconnect to the river (e.g., building down
to the river, establishing a continuous riverside park throughout the study area);
Create recognizable routes (e.g., clear
marking of entrances, unique lighting,
unique street furniture, maps, signage, special paving);
Create unique sites (e.g., places dedicated
to sports and activities, urban spaces, green
spaces, playgrounds);
Improve crossings (e.g., wide crossing at
street level, place crossing along desire
line, lights with generous green times for
pedestrians);
Improve pedestrian accessibility (e.g., accessible curbs, accessible surface material,
guides for sight impaired, ramp alongside or
integrated in stair, stairs with seats);
Improve connections to public transportation (e.g., visible entrance, civic amenities,
elegant and comfortable waiting, places for
vendors and culture activities); and,
Provide small scale spaces for local communities (e.g., ﬁne-grain fabric, small scale
buildings, and short frontages).

Implementation of the Project
After careful deliberation by the Chongqing
municipal government, and especially by the
urban planning bureau, one of the routes, titled
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Pedestrian Street Route 3 (referred to as “Route
3” hereinafter), was chosen as a pilot to be
implemented. The purpose of this pilot project was to test the feasibility of the proposed
strategies in terms of their actual design and
implementation. A second purpose was learn
speciﬁc lessons by building of this one route in
order to guide future revitalization efforts for
the whole pedestrian street network.
The development of Route 3 began in late
2010 and was completed in 2011. The pedestrian street is a 3.9 kilometer pathway that
begins at a major transportation node in the
northern part of the peninsula and runs northsouth. It connects several residential neighborhoods with major public facilities such as Pipashan Park, Zhongshan Hospital, and Bashu Primary and High schools, among others.
Working across various local government departments, the consultant, with the assistance
of local institutes and government participation,
we implemented most of the 18 changes that
were originally proposed and designed for this
pilot pedestrian route. Signs, lighting, benches, handrails and other service facilities were
installed along the route, while street crossing
facilities were also improved to prioritize pedestrians, and parking lots were removed. Speciﬁcally, there were improvements in pavement
(for example, slip-resistant tiles were installed),
as well as signs, surface markings, handrails, litter bins and a cover to the storm drain channels. In front of the major kindergarten school
within the site, ﬂower beds were adapted in to
the benches, display boards were hung, and
lighting was added. In one of the main pocket plazas called “Zhang’s garden,” dead plants
were replaced, seats and signage was added,
and a retroﬁt of the store frontage was completed (see the cover image). Finally, the public passage under the Zhongshan hospital had
some major changes including a newly constructed suspended ceiling, underpass lighting,
a retroﬁt of the nearby store frontages, and en-
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The parking lot site
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Figure 5: Before and After Pictures on Route 3
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Figure 6: Residents brought their own furniture to the street

trance signage. Finally, adapted seats along the
ﬂower beds were installed near the Chongqing
Nature Museum entrance.
Of all the interventions, the improvement
of street crossing proved to be the most challenging and complicated. Aiming at demonstrating our strategy of prioritizing groundlevel crossing within the pedestrian network,
we proposed four measures at the Renhe
intersection: (1) pulling the sidewalk through
on the Renhe street to remove any step; (2)
placing a raised crosswalk at desire lines to
avoid detours and ease pedestrian ﬂows at
the intersection; (3) adding trafﬁc lights; and
(4) marking the crosswalk in red to remind
drivers to look out for pedestrians and slow
down the trafﬁc. In the course of government
review and examination to our proposal, we
exchanged views with trafﬁc police and civil
works department at municipal and district
levels, as well as the construction team. There
were some compromises that had to be made.
For example, we had to abandon the idea of
raised crosswalk, because there were many
inspection wells for underground pipes at the
intersection. Still, the ﬁnal plan was approved
with minor adjustment and implemented.
Immediately after completion of the pilot
project, an unexpected but welcomed out-
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come was that residents began to add to the
improvement and beautiﬁcation of the space;
they brought out their own furniture, such
as armchairs and a table tennis table on to
parts of the Route 3 Pedestrian Street. This not
only adds a fun element to the public areas,
but making an “outdoor living room” shows
that residents are truly embracing the public
space. The formal improvements made ignited a sense of ownership from the residents
themselves.
To assess the impact of this pilot in a comprehensive way, we conducted a post-survey in summer 2012 and compared the result
with ‘before’ numbers. It revealed that more
residents were using the Route 3 for getting
to their destinations. In addition, the number
of people engaging in stationary activities,
such as sitting, standing, playing and exercising, increased more than 6 times as compared
to before. Moreover, ninety-seven percent
of the residents who responded to the survey were satisﬁed with the project. Informal
surveys also suggested an overall increase in
usage and liveliness of the paths with Route 3
Pedestrian Street covers. In the end of 2012,
the project won the China Habitat Environment Prize7 in demonstrating best practices
in the ﬁeld.
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JIEFANGBEI CENTRAL
BUSINESS DISTRICT AREA
Strategy and Approach
Observing the results from the Route 3 implementation, one Yuzhong District senior government ofﬁcial believed that a similar project
should be done to revitalize the heart of the
central business district area, called Jiefangbei.
It had been observed that the Jiefangbei Central Business District had become increasingly unpopular as fewer people frequented the
area and there was a decrease in commercial
expansion - despite its premier location in the
city, high-end shops and large ofﬁcial buildings.
The area even included the golden-cross street,
the ﬁrst car-free shopping street in China, and
several signiﬁcant landmarks in the city.
In early 2013, the district government commissioned Energy Foundation China and China
Sustainable Transportation Center to conduct
a study to measure the existing conditions in
the area as a ﬁrst step leading to its redevelopment. Some interesting ﬁndings were discovered through focus group interviews and
questionnaires. The study conﬁrmed the government suspicion of economic decline when
it found a decrease in proﬁts over the last few
years occurred in the Jiefangbei Central Business
District area. It was also found that the pedestrian environment was the top one key factor in
a consumer’s choice of a shopping destination,
more important than factors such as car accessibility or parking. Our study reported that
car users only contribute 19 percent of the consumer spending in Jiefangbei Central Business
District area, whereas pedestrians contribute
50 percent and public transport riders make up
31 percent. This was strong evidence that the
pedestrian and public transportation environment is very important to regenerating the area
and increasing business sales.
With this new information, the government
initially did not understand why there was a
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decrease in business sales despite the area
having plentiful public spaces. We explained
that despite the numerous spaces, the spaces
were not designed in an inviting, functional and
connected way. Also, illegal parking was taking away a signiﬁcant portion of public spaces,
causing some of the decreased movement of
people which affected the area’s vitality.
These ﬁndings led to the recommendation to
develop a detailed pubic space network plan in
order to regenerate the Jiefangbei Central Business District. The plan, completed in the end of
2013, was focused on improving the main public space network, strengthening the network
for everyday routes, creating lively mixed-use
areas, and connecting the waterfront for recreation and activities. In contrast to the conventional approach of categorizing a street
network upon car trafﬁc volumes, the public space plan identiﬁed eight space typologies
according to needs of people and public activities, as shown in Figure 7:
1.

2.

3.

4.

5.

6.

Metro plazas, which would celebrate and invite people to use public transport by creating high quality metro squares as entrances
plazas in the city;
Main pedestrian spaces, which would become world class destinations for both citizens and visitors, and be connected in a
high quality network for pedestrians;
City streets, which would offer an efﬁcient
and pleasant way of moving in the city by
car, bus, bike or foot;
Slow streets, which would have access for
all but make high priority for pedestrians
and slow down car trafﬁc at the core area;
Alleyways, which would have human scale
public spaces for urban recreation and offer
an excellent environment for all senses (ie.
water features);
Passage between upper and lower city,
which would make accessible and interesting connections between the different lev-
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Figure 7: Detailed Public Space Plan for Jiefangbei CBD Area. Source: Gehl Architects & China Sustainable Transportation Center, 2014

7.

8.

els of the city where the passage becomes
an attraction in itself;
Riverfront parks, which would serve as part
of a connected network of high quality
green spaces, and provide opportunities to
relax and enjoy views;
Pocket plazas, which would offer a break
from the city as small but easily accessible
green spaces.

Similar to the overall pedestrian network
master plan of Yuzhong Peninsula and Route 3
Pedestrian Street, in 2014, the Jiefangbei Central
Business District public space plan identiﬁed
several smaller areas for pilot projects.
These pilot areas were proposed to test
the recommended strategies, to inform the
eventual transformation of the whole central
business district area.

Implementation of the Project
Implementation of the pilot areas began in 2014
and is planned for completion in the coming
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years. An example of the improvements being
made is the Wuming Alley project. This back
alley contains an area of 730 square meters
and is a central place located right next to
the famous golden-cross shopping street In
our implementation-level design, the alley
would be transformed into a place where
you can relax from the busy city life, taking a
break from the ofﬁce, eat your lunch or simply
watch the greenery and listening to the sound
of the fountain. Access would be retained to
accommodate the bank trucks which arrive
a few times a day as several of the buildings
along the alley are banks. The plan incorporated
coins in the paving to suggest this connection.
Another interesting pilot is the retroﬁt to the
Kaixuan Road elevator building plaza. Currently
it serves as a passageway for locals entering the
public elevator connecting the upper and lower
levels of the city, created by the mountainous
topography. In our implementation-level design,
it would become a city plaza where people are
invited to come, stay, enjoy the dramatic views
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Figure 8: Wuming Alley, Before and After
Figure 9: Kaixuan Elevator Plaza, Before and After

Figure 10: The view from upper city to the low city and river
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Figure 11: Some Pilot Implementation in Progress

and continue to the lower city and to the river.
The plaza would then be a major destination in
itself and will connect the upper and lower city
in an attractive and accessible way.
To date, we have seen quite a few other
changes transformed into reality based on
our recommendations. In some city streets,
sidewalk pavement has been upgraded to
enhance the pedestrian experience. Facades
of temporary construction sites have been
decorated to mitigate their negative impact
on the surrounding street environment.
Color-painted crossing with ‘special’ designs
were implemented to highlight the priority
for pedestrians. Last, but not the least, an
info kiosk has been installed at the end of the
golden-cross shopping street, to welcome the
visitors and to provide good signage and maps
showing the area and how to walk towards
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Hongyadong, another major destination a half
kilometer away.
While the Jiefangbei Central Business
District core area is not yet completed, highquality pedestrian space is expected to
increase threefold and to include sidewalks,
metro entrance squares, car-free streets,
among other improvements. Based on trafﬁc
simulation results, the project is expected to
improve trafﬁc speeds on major arterials from
11.36 kilometers per hour on average to 18.56
kilometers per hour, a 63 percent improvement.
A retail boom and increase of land values
is anticipate as a result of this project. This
commercial growth will also complement
the transformation of the area from Central
Business District to CAZ (Central Activity Zone),
a lively mixed use and attractive area for all of
Chongqing.
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REFLECTIONS
AND LOOKING FORWARD
Making streets SMILE is not a difﬁcult task
with the right amount of analyses, persistence,
and patience. With Chinese cities growing and
establishing urban patterns, it is imperative
that such a conceptual framework is adopted
to maintain a healthy network of public spaces
to encourage walking and biking, to better
connect commercial development, to simulate a sense of place for residents and to provide oasis for residents, visitors and workers.
Furthermore, local street networks also plays
an important role in making the city-wide public transport network (i.e., metro and bus) efﬁcient. Therefore, relative micro investments
in streets can help secure the efﬁciency of the
macro investments done in public transport all
over China.
Several important lessons were gained performing these projects. First, the important
of conducting sound surveys and analyses, to
bridge the gap between concepts taken from
international case studies and local demands,
was demonstrated. To obtain a good understanding of current conditions, Public Life
Public Space (PLPS) surveys is strongly recommended to reveal problems and to lay the
foundation for how to evaluate what should be
implemented. Although this survey has been
carried out in Copenhagen, New York and many
other cities in the world, the Chongqing project
was the ﬁrst time it was used in China. Second,
it should be noted that there is a still a signiﬁcant gap between a conceptual plan, its designed appearance, and how the plan is implemented on the ground. This means that planners must be proactive and vigilant throughout
the whole process in order to ensure the project is completed properly. Regardless of the
size of the project, the implementation of a
public space project will have multiple government departments involved, of varying levels.
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Therefore it is imperative for the planners to
actively communicate with each department
to ensure proper implementation. At the same
time, the short and long-term effects on the
surrounding residents should also be taken into
consideration and public participation should
be a mandatory part of the process.
Chongqing’s strong cultural identity and predisposition to walking, due to its mountainous
topography, provided a good foundation for
improving its public space networks. The Route
3 Pedestrian Street retroﬁt project was completed in 2011 and the Jiefangbei Central Business District retroﬁt project is expected to be
completed in the coming years. Signiﬁcant lessons learned regarding planning, working with
different levels of government, speciﬁc design,
and construction have implications for other
cities in China. Although the Jiefangbei Central
Business District retroﬁt project is still under
construction, preliminary evaluations from this
and the Route 3 Pedestrian Street retroﬁt show
that revitalizing public space networks have
the following beneﬁts:
1. Promote local retail and eco-tourism through
high quality public space networks connecting shopping and cultural destinations;
2. Enhance the quality of living environs and
accessibility of disadvantaged residents and
visitors, such as low-income individuals,
elderly and children;
3. Preserve traditional urban landscapes such
as the original Chongqing pedestrian paths
and promote outdoor public life and culture; and,
4. Reduce emissions and improve air quality
through an increase in walking and the use
of transit, which also relieves congestion.
Both the Route 3 Pedestrian Street and Jiefangbei Central Business District retroﬁt projects employed a nodal approach to redevelopment; a larger public space master plan was
developed and pilot areas served as testing
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grounds for the proposed strategies to inform
the eventual revitalization of larger regions.
This type of implementation method allows
for ﬂexibility to change and improve if certain
original proposed strategies are not as effective as initially predicted. With Chongqing and
other cities across China dealing with improving the quality of life by balancing the inﬂux
cars with keeping its inherent pedestrian, biking, and public space cultures, now is the time
to strategically examine and improve existing public space networks with methodologies that are adjustable, scalable and economical practical.

ENDONTES
1 Wu, L-Y. 2012. Looking for the lost soul of Chinese cities. South China
Weekend.
2 These SMILE principles also guided the development of the Guideline
for Urban Pedestrian and Bicycle Transportation System Planning,
issued by the Ministry of Housing and Urban-Rural Development under
the Chinese central government in 2013, as well as the public space
network improvements in Chongqing reported in this article.
3 The “Last kilometer or last mile” problem is a land use and transportation
issue describing difﬁculty in getting people from a transportation hub,
such as a railway, bus or subway station to their ﬁnal destination. Many
have suggested this problem has promoted the reliance on car usage,
resulting in more trafﬁc congestion, pollution and urban sprawl. In recent
years, urban planners and others have sought solutions to this problem
through bike-sharing and car-sharing schemes, among others.
4 Jane Jacobs, 1961. The Death and Life of Great American Cities.
Reissue Edition.
5 Energy Foundation China is a grantmaking philanthropic organization
dedicated to China’s sustainable energy development. Our mission is to
assist in China’s transition to a sustainable energy future by promoting
energy efﬁciency and renewable energy. We support policy research,
standards development, capacity building, and the dissemination
of best practices in the eight sectors of buildings, electric utilities,
environmental management, industry, low- carbon development,
renewable energy, sustainable cities and transportation. It is a part of
the Energy Foundation, which is based in San Francisco, California, in
the U.S.A.
6 China Sustainable Transportation Center is an independent technical center
founded by Energy Foundation in 2005, and has been engaging in city
planning, transportation system design, and related policy development
and research in China. The center is dedicated to creating compact transitoriented development and walking/cycling-friendly streets to relieve urban
congestion, reduce air pollution and greenhouse gas emission and air, and to
achieve low-carbon, sustainable and livable cities.
7 The China Habitat Environment Prize was established following the
UN Habitat Environment Prize by the China’s Ministry of Housing and
Urban Rural Development in 2001. Since then, the Prize was announced
annually to honor the projects and entities in China which demonstrated
best practices in enhancing the quality of national habitat environment,
and to disseminate good cases and experiences across the country.
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PHILADELPHIA’S UNIVERSITY CITY
A MODEL OF URBAN RENEWAL
ANCHORED AND LEAD BY PRIVATE
SECTOR INSTITUTIONAL INVESTMENT
ANTHONY P. SORRENTINO

From a brownﬁeld to playing ﬁelds, the University of Pennsylvania purchased an industrial campus owned and operated by the United States
Post Ofﬁce in 2007 and created Penn Park, a collection of green public spaces and athletic facilities helping reconnect the university to
the Central Business District. The 24 acre park cost $46.5 and was privately funded. It added 548 new trees, an underground cistern that
collection 2 million gallons of storm water annually, a sustainable lighting system.
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INTRODUCTION
University City is a 2.4 square mile community
immediately west of Philadelphia’s Central Business District and separated from the CBD by the
Schuylkill River. Today it is experiencing an urban
renaissance of dramatic scale and scope. University City is Philadelphia’s boom town. There are
currently 32 new developments, worth nearly $2
billion, in various stages of development including residential, academic, research, ofﬁce and
medical facilities. More than $1 billion is being
invested in commercial and residential construction projects alone. Several construction cranes in
the sky punctuate the transformation underway.
But what is unique about this growth is not so
much what was done – there are several large
scale successful redevelopment projects which
have been planned and implemented in the world.
What is interesting is who developed it. Typically, urban renewal projects in the USA are spear
headed by government or quasi-government
agencies which provide site preparation and organizational support. While the local government
has been a supportive partner, the University City
planning agenda was created and advanced by
this community’s unique blend of “eds and meds”
– those institutions of higher education, medicine
and research which were already resident in the
community. Private investment made by these
anchor institutions has generated the following
trends: increased population growth; reduced
crime; public investment; the attraction of large
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and small new businesses companies and small
businesses; and land value appreciation.
This article tells the story of how University
City has led the transformation of Philadelphia
by serving as the epicenter of Philadelphia’s burgeoning knowledge economy. Anchored by Drexel
University, Children’s Hospital of Philadelphia,
the University of Pennsylvania, Penn Medicine,
the Wistar Institute, University of the Sciences,
and the University City Science Center (the nation’s ﬁrst urban research park), each institution
has engaged locally to play a leading role as civic
leader, urban planner and community developer
to enhance the physical, social and economic
conditions. These private institutions have recognized that to better one’s institution one also
needs to improve the community as a whole. And
most impressively, the development of University
City has been accomplished using a free market
model as these private institutions have been the
drivers of change yielding public beneﬁts. .
Today University City weaves together 73,000
individuals (full time residents, plus college students) into a vibrant, close-knit, and socio-economic diverse residential neighborhood But, it
was not always this way. In fact, it was the opposite. From the mid-20th century to the late 1990s,
the climate and landscape of this area was emblematic of an inner city neighborhood entangled
in Philadelphia’s long post-industrial slide. It
was a neighborhood characterized by declining
jobs, increasing crime and poverty, and, deﬂated
expectations.
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Figure 1: Map of William Penn’s Master Plan for Philadelphia

HISTORY AND CONTEXT
West Philadelphia the Agrarian
Landscape Transformed
University City is part of a larger 14 square
miles area, now known as West Philadelphia.
Like most of America, the site was initially developed into a rich agricultural landscape
shortly after Europeans began settling there
in the 17th century. Years later and across the
Schuylkill River from this area, William Penn arrived from England to settle his planned utopia- a city of “brotherly love”, Philadelphia. It
was the success of this new city which shaped
the growth of West Philadelphia.
Philadelphia rapidly became the major British colonial city in the 18th century due to its
port and its “keystone” location between the
other British colonies along the Atlantic Coast
of America. As it grew, its leading citizens established several institutions of higher and
professional learning. In 1749, Benjamin Frank-
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lin published “Proposals Relating to the Education of Pennsylvania Youth” which put forth
the idea of teaching both the classical arts
as well as practical subjects needed to make
a living. In 1751, Franklin headed a committee
which established the Academy of Philadelphia1, now known as the University of Pennsylvania. In 1765, the Academy started the ﬁrst
Medical School in North America. Both of the
Academy, and its Medical School, were located near the colonial center of the city, close to
the Delaware River. Other Medical institutions
were also founded and located in Philadelphia.
In 1821 a group of local apothecary owners met
in Independence Hall (where the United States
Declaration of Independence, Bill of Rights and
Constitution were written) to found a school
to train apprentices. The resulting Philadelphia
School of Pharmacy (1822) founded the profession of Pharmacy. Another Philadelphiabased American ﬁrst was the establishment of
Children’s Hospital in 1855.
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Figure 2: The University of Pennsylvania’s ﬁrst campus was located at Fourth and Arch Streets in the Old City section of the city. The
classrooms were housed in a building larger than Independence Hall from 1751 through 1801. Shortly before the American Revolution a third
building was added to the campus, and in 1779 it was renamed “University of the State of Pennsylvania.” The University of Pennsylvania moved
west to Ninth Street in 1801, added schools for law and medicine before moving to its present location in west Philadelphia in 1872
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Figure 3: Penn’s College Hall built in 1872 was the ﬁrst building on the West Philadelphia campus. Designed by Thomas Webb Richards, a
professor of drawing and architecture, the building housed almost all of the college functions, including the library, classrooms, laboratories and
ofﬁces. The building’s signiﬁcance in the history of collegiate architecture has been recognized by U.S. Department of Interior by placing it on
the National Registry of Historic Places and in the University of Pennsylvania Historic District
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During the American industrial revolution,
Philadelphia was labeled the “workshop of the
world” for its skilled artisan and massive manufactures producing a range of goods including
locomotives, tools, apparel and ships. It ﬂourished ﬁnancially and expanded in population. As
a result, the core of the city became choked
with growth. To enable expansion, Penn with
its medical school, The School of Pharmacy
and Children’s Hospital all relocated to more
distant locations in Philadelphia, but the continuing economic growth and extensive immigration soon crowded these locations. Philadelphia was running out of room. Finally, in
1854, the rural area of West Philadelphia was
annexed by the City of Philadelphia. Soon new
bridges linking this area to the older City were
built and gracious homes were constructed on
large lots. West Philadelphia took on the image
of an elite suburb within the city.
Because it was rural, West Philadelphia also
was the acceptable location for city “asylums”,
universities, hospitals, and churches. For example, even before annexation, the Philadelphia Alms House, founded in 1732, relocated
there in 1835 as did the Philadelphia General
Hospital (1831). However the relocation of institutions began in earnest once the area became
part of the City and developed as an exclusive
residential neighborhood. The most inﬂuential
relocation was the University of Pennsylvania
(Penn), in 1872, which sent a message that this
area of the city had prominence. Moving the
university simultaneously created a secluded enclave for learning, with ample space for
future expansion. Other institutions of higher
learning followed Penn’s lead. The Philadelphia
College of Pharmacy (now, University of the
Sciences in Philadelphia) and Drexel University
(1891) all relocated to this area. In addition, the
country’s ﬁrst zoo was built in West Philadelphia in 1874 and the great 1876 Centennial Exhibition, a world’s fair celebrating the hundredyear anniversary of the signing of the Declar-
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ation of Independence, was proudly mounted
in West Philadelphia. All this institutional development spurred the demand for more residential and commercial construction.
Oddly, as the area began to grow denser the
neighborhood institutions found themselves
in a similar position as it did in the 1860s –
they were becoming enclosed. This was compounded by the fact that as Penn grew more
prestigious and attracted more students, the
student body changed from local commuters to residential students needed living quarters. Penn, in particular, needed space to expand. Simultaneously, the city’s elite which ﬁrst
settled this suburb-like setting began to depart for newer rail-served suburbs. The original gracious Victorian era homes were ceded
to student renters and multi families of lesser ﬁnancial means. The combination was a
one-two punch that generated more university serving facilities, while the residential fabric was becoming undone. As a result the surrounding community was entering a period of
slow transition and physical decline.
After World War II a number of factors combined to radically change the West Philadelphia community. Industrial employment experienced a dramatic decline and the city was
left with hundreds of obsolete high rise abandoned building. As these high paying jobs vanished the large African American population,
who had migrated from the rural South to the
city seeking war-related jobs, became increasingly prone to unemployment. Federal policies
also played a role in the area’s change. On one
hand, the declining housing situation was further hastened by Federal Government Housing
insurance programs which redlined2 large areas
of the City following World War II. On the other
hand, Federal policies to subsidize higher education for veterans, brought more college students to the community. Finally the Cold War
arms and space race promoted federally sponsored research which ignited an institution-
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al building boom. By the mid-1950s the push
and pull of all this socio-economic change produced a tale of two communities. One was becoming increasingly blighted, poor and with a
growing minority population. The other was
growing inside the campuses of the local universities. The two would ultimately clash.

Urban Renewal and Planning
a “University City”: Good Idea
but Troubled Implementation
In the 1960’s, City planners secured federal funding, which at the time was known as
“urban renewal” and applied it to West Philadelphia. The urban renewal concept was to
clear whole blocks of most property, provide
infrastructural improvements, and then make
the land available for the new development.
Planners conceived of a sub section of West
Philadelphia, about 2 square miles, as a “university city” because of its concentration of universities and research institutions. In addition
this area was being redeveloped to reposition
Philadelphia for its new identify as a city of
knowledge workers, while simultaneously removing blight.
As Penn and Drexel expanded through urban
renewal in the 1950s and 60s, they did so simultaneously and in conjunction with the creation
of the nation’s ﬁrst urban research park – the
University City Science Center. This grouping of
research and administrative buildings would replace what was considered a blighted boulevard
of rundown properties along Market Street, a
once prominent artery in West Philadelphia.
The Center would be a private nonproﬁt organization with institutional shareholders from local universities, hospitals and industry to support basic research and commercialization of
that research into companies and products and
services. It would also be a location for university researchers to conduct government funded research close to, but not directly on, college
campuses. Philadelphia was investing in labs, as
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opposed to the city’s traditional ports, manufacturing works, and yards.
During this same period (the early 1940s to
the 1970s), Penn emerged as an intellectual
leader in America as faculty members built the
ﬁrst computer, cured diseases, and supported
the new space program. The university expanded by an additional six million square feet
of new buildings. It not only established Penn
as a world-class education institution, it grew
to be one of Philadelphia’s largest employers
and most stable economic engine. Penn partnered with the government to support its expansion plans and federal urban renewal programs underwrote the University’s growth as
the Philadelphia Redevelopment Authority condemned properties through eminent domain.
The cost of expansion came at a price as the
massive growth left in its wake a neighborhood fabric undone by demolition and physical isolated from the prosperous oasis of a campus. Detractors saw urban renewal as a power
grab for land at the expense of those residents
who had little means to beneﬁt from this development. As the University City development expanded it carved out a piece of the
larger community. This was most controversial
in one neighborhood known as “The Bottom”
- a lively, low-to-moderate income, African
American neighborhood of about 5,000 residents. It was deﬁned as blighted by the City,
though this was not accepted as fact among
those who lived and worked in the “Bottom’.
None the less, through the use of Eminent Domain residential and commercial buildings were
“taken” - their owners paid fair market value
- in the name of the public good. This process generated anger and bitterness towards
the institutions. As the displacement occurred
it was viewed by local residents as a form of
institutional racism whose intent was to make
the neighborhoods around the university consistent with the image of an upper-class Caucasian and elite university community.
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Further aggravating the dissention between
the Institutions and the community was the
architectural and planning vocabulary used in
the Urban Renewal development. Campuses
turned inwards. Buildings were reengineered
so their front doors were placed on interiors of
their campus, and loading docks and windowless facades greeted neighbors on the campus
perimeters.
By the early 1990s, University City, and the
larger West Philadelphia community, was experiencing many of the challenges faced by
central city neighborhoods across the country. Surrounded by high crime rates, signiﬁcant
property abandonment and disinvestment, increasing poverty rates, and declining public
schools. Penn’s discussions about neighborhood decline were brought to a head following
the murders of two members of the university
community in 1994 and 1996. Penn again faced
a dilemma similar to the one it addressed in the
19th Century —ﬁght or ﬂight

CRISIS AND A NEW APPROACH
The University of Pennsylvania
An Investment in Placemaking
The university’s leadership, which is governed
by a volunteer Board of Trustees and its thenPresident Judith Rodin, developed a plan in
1998 (and which the basic framework is still
in place today) to meet the challenges headon. Working with Penn’s senior administrative
leaders, faculty from disciplines in urban planning and sociology; business and social policy,
as well as outside consultants, produced a coordinated, ﬁve-point approach, known as the
Neighborhood Initiatives, is outlined below:
Supporting employee housing: Penn provided incentives to its employees to purchase
or rehabilitate homes in a deﬁned section of
West Philadelphia, which the university believed would have a stabilizing impact. To
date, one thousand university faculty, doc-

PUBLIC SAFETY

ECONOMIC
INCLUSION

HOMEOWNERSHIP
& HOUSING

NI

REAL ESTATE
DEVELOPMENT
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EDUCATION

Figure 4: By the late 1990s the University of Pennsylvania had adopted
a set of Neighborhood Initiatives, ﬁve interrelated strategies to function
comprehensively to spark place making and economic development
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tors, research and staff have participated in
this homestead program. It also purchased
and rehabilitated 20 abandoned properties,
some for resale and others, primarily large
apartment buildings, for rent. The university
added a total of 400 rental units, (housing
up to 580 individuals) that previously were
not up to code.

Figure 5: Supporting employees housing: The rich housing stock
of University City, which had become blighted through vacancy
and disinvestment, inspired the University of Pennsylvania’s
commitment to home ownership and neighborhood revitalization. In
1998, Penn added the Forgivable Loan Program and the Guaranteed
Mortgage Program that included ﬁnancing up to 120% of the
home’s value. Eligibility is based on speciﬁc geographic boundaries
and employment status at Penn and the health system. Between
1998 - June 2015 there have been 1189 total participants; 26% of the
participants were for home improvements loans only. Eighty-Eight
percent of participants have been salaried employees which include
both faculty and staff; 12% have been hourly employees. Faculty
represents 21% of our participants; staff represent 73%

Engaging in commercial development: Penn
converted the underdeveloped land on the
edges of campus into lively retail and mixeduse spaces. Depending on the property,
Penn employed one of three approaches,
serving as: a sole developer; a joint venture
and co-investor with private partners; or, as
a lessor of land to private developers. These
developers would take on the risk and reward of design, construction and operations.
Since 1998 new retail square footage has increased to 450,000 (37% increase) and
maintains 98% occupancy. Consumer retail
spending per Sq. Ft. is $400, a 54% increase
since the program was initiated. The university also strategically manages a retail portfolio to maintain a balance of anchor businesses such as national chains (43%); locally owned small businesses (43% ) and 14%
locally owned regional chains. Private sector real estate developers have added new
apartment options for 1,000 residents.
Promoting a safe and clean environment: Penn
increased the size of its armed police force
and enlarged the force’s patrol zone. Along
with other institutional partners, it formed
the University City District, a special district charged with supplementing municipal services with public space and tree
maintenance, additional street lights and
signage, and district campaigns to brand
the area and attract visitors and customers to local businesses. Since 1996 850+
lights added on commercial and residential
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Figure 6: Engaging in commercial development: Penn, by working with private developers in land leasing deals, converted the underdeveloped
parcels on the edges of campus into lively retail and mixed-use spaces. Here The Radian is an example of high density development. The
University has partnered with Inland American Communities Group, Inc. to develop a mixed use student housing project of 12 ﬂoors of market
rate apartments for students including 179 units with 500 beds conﬁgured in units conducive to student living. Additionally, the project added
40,000 sf of retail. Private sector real estate developers have added new apartment options for 1,000 residents

streets, enhancing safety and 3,800 new
street trees have been planted. And there
has been a 50% decrease in crime against
persons and property.
Building economic inclusion: Penn developed
the “Buy West Philadelphia” program, a targeted procurement initiative to support local small businesses and service providers. It
sponsored technical assistance and support
systems to train small businesses to do business with Penn. Penn mandated that all capital campus projects valued at $5 million or
more would certify that twenty-ﬁve percent
the construction contracts were awarded
to minority, women, veteran or disabledowned companies. The university’s aver-
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age annual spending for procuring goods and
services from the local community is $100
million of which $80 Million is awarded to diverse suppliers and $20 Million awarded to
African American suppliers. In addition, 20%
of total construction hours are awarded to
contractors and sub-contractors that qualify as Minority Owned Business Enterprises
and Women Owned Business Enterprises
(MBE/WBE)
Investing in public education: The University
worked with the School District of Philadelphia and the teachers unions to develop a
new neighborhood-based public K-8 school.
Penn donated the land, managed building
construction, helped develop the curriculum,
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Figure 7: In the 1980s the University City streetscape suffered under the weight of blight, disinvestment,
crime and vacancy in the residential and commercial corridors
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Figure 8: Investing in public education · The Saddie Tanner Mosell Alexander Elementary School is a partnership between Penn and the School
District of Philadelphia and the teachers union. The community had suffered without access to quality public education in k-8 grades and so
Penn donated the land, managed building construction, helped develop the curriculum, and pledged $800,000 in annual operations support
to the District-run school for a ten-year period, (since renewed until 2022). Since opening, this university-assisted elementary school is
considered the gold standard public school in the School District

and pledged an additional $1,330 per student
annually for a ten-year period, (since renewed until 2022). Since opening, this university-assisted elementary school is considered the gold standard public school in
the School District. It has won three dozen
student, teaching and institutional awards
including top honors in city wide math, science and reading competitions and national
science awards. It maintains a diverse student body generally consisting as follows:
51% Black (State average is 16%); 30% White
(State average is 74%); 15% Asian (State
average is 3%), and 5% Latino (State average is 7%).
The Penn Initiative triggered other institutions to more forward also.
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Drexel University
Leveraging Location
In 2011, Drexel University developed a campus
plan and vision to develop underutilized land
near Philadelphia’s 30th Street Station into a
transit-oriented live/learn/work neighborhood where partnerships between the University’s research enterprise and the region’s
entrepreneurial community take root. This
area will anchor what they call their “Innovation Neighborhood”.
The campus master plan emphasizes Drexel’s aspirations to be a leading modern urban research university and highlight
its unique identity and potential of a campus that anchors an urban district. It has four
themes including the remaking the campus
into vibrant urban university district, bring
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Figure 9: Architectural rendering of the Innovation Neighborhood at Market Street at 31st Street, facing west

the campus to the street, draw the community together around shared places and expand
the innovation community.
In a brief period of time Drexel has either
completed or started ﬁve major construction projects that are transforming the urban
landscape around its campus. Leasing its land
to private developers it has transformed an
empty block long parcel into a thriving mixed
use project, Chestnut Square, a 361,000 sq.
ft. projects that includes 25,000 sq. ft. of
street level retail and living quarters above
for 861 students in apartments. Levering private philanthropy it has created a new business school with eye-popping design which
has repositioned a former cavernous part of
campus into a hub of activity. And it is soon
to complete a residential tower, the Summit at University City. This $170 Million project uses American Campus Communities as
the developer. When completed it will have
580,000 square feet of privately supplied
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mixed use development as well as 1,300 student housing beds, a 400 seat student dining
center and 20,000 square feet of mixed use
retail space to make that section of University
City more vibrant.

The University City Science Center:
Building on Innovation
Since 1963 the University City Science Center
has grown from a single building into a 17 acre
campus of 15 buildings that incubates startup
companies in ofﬁce and labs. Now the Science Center is expanding into mixed use developments that are dramatically enhancing
the Market Street corridor. It recently added
a new medical tower and this summer its ﬁrst
residential mixed used building. The medical
tower, 3737 Market Street, is partnership between the Science Centre, Wexford Science
and Technology LLC and is at 13 story 332,000
square foot building that includes outpatient
medical facilities, ground ﬂoor retail, and of-
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Figure 10: Chestnut Square from West. Source: Courtesy of Drexel University

Figure 11: Rendering of the residential tower The Summit. Source: American Campus Communities
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Figure 12: The Penn Connects master plan is a land use and urban design campus plan that advances Penn as a premier urban research university
focusing on creating civic and open space, and improving physical connections for pedestrians and vehicles, and with enhancements to teaching,
research and campus life. Launched in 2006 it has since added 26 new buildings totaling 3.5 million square feet; 16 renovated buildings, totaling 1.5
million square feet, three new and renovated open spaces totaling 27 acres. This has been ﬁnanced through philanthropy and Penn investments.
Simultaneously, Pen attracted $1.1 billion in private investment adding eight new buildings totaling 2.4 million square feet

ﬁce and lab space for startup and growing
companies. This project is intended to expand
the capacity of the Science Center’s research
park and furthering is efforts to transform its
campus into a world class innovation center.

Penn Connects
In 2004, the University of Pennsylvania welcomed its eighth president, Amy Gutmann,
who soon presented Penn Connects–a thirty
year campus development plan built on earlier
work including the ongoing revitalization efforts in West Philadelphia. Two large property
acquisitions between 2006 and 2010 added 47
acres along the Schuylkill River corridor east
of its campus; including the acquisitions of
24 acres from the United State Post Ofﬁce,
and the 23 acres from the DuPont Corporation. Penn’s intent was to revitalize underperforming land with new uses while avoiding
expansion into residential communities.
In 2007, Penn engaged in a complicated
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real estate transaction with its purchase of
the U.S. Postal lands, four blocks northeast of
Penn’s campus. The deal included the main US
Postal ofﬁce building (862,000 square feet),
the adjacent US Post Ofﬁce Annex, and 14
acres of surface parking. Penn sold the post
ofﬁce building to Brandywine Realty Trust,
a Radnor PA-based real estate investment
trust (REIT), that, in turn, leased the building
to the IRS. Next, Penn issued a ninety-year
lease to Brandywine for the Post Ofﬁce Annex
site where the REIT ﬁrst built a 1,200 vehicle
parking structure, with street level retail. The
collapse of the national ﬁnancial market in
2008-2010 delayed the rest of the project
until 2014 when Brandywine partnered with
Campus Crest Communities to build a thirtythree-story tower containing 850 units of
market-rate graduate and professional student housing opened in August 2014. Also in
2014, Brandywine announced an ofﬁce building, with the lead tenant being the FMC Cor-
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Figure 13: Opening in summer of 2016 is the Pennovation Center , a 58,000 square foot incubator to support university research commercialization being developed by Penn to host both university researchers’ as well private entrepreneurs in labs, co-working spaces and ofﬁces. It is
the center of the Pennovation Works campus
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Figure 14: The Pennovation Works is located south of the Penn campus across the Schuylkill River in a 23 acre former heavy industrial site once
owned by the DuPont Corporation. Penn acquired the property and is redeveloping it to accommodate a variety of uses that support the
academic and research mission of both University clients and third party commercial tenants. The proposed plan a long-term is designed to
provide a ﬂexible framework of circulation and open space that will organize both existing and future development establishing a system of
streets, blocks, and open spaces that optimize development potential and create a vibrant pedestrian environment
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poration. Penn also agreed to lease 100,000
square feet of this building for twenty years.
In the end, Penn retained 14 acres contiguous the east side of the campus which it developed into Penn Park, an athletic facility
with ample open space for the Penn community and neighborhood residents. When it
opened in 2012, Penn Park also created the
new gateway, speciﬁed in Penn Connects, between the campus and Center City.
Penn’s 2010 acquisition of DuPont’s defunct
Marshall Research Labs, a mile and a half from
Penn, presents an opportunity to develop a
new purpose-built facility to support regionally signiﬁcant research and innovation among
scholars and entrepreneurs. Designated “The
Pennovation Works” this project is the central feature of a planned innovation district. It
also is an initial step to implement the newly
released Lower Schuylkill Master Plan that repurposes 4,000 acres of former industrial
land along the lower Schuylkill River. Planning
ﬁrm WRT developed a master plan for The
Pennovation Works, one designed to achieve
Penn’s expressed goal for its development of
“a dynamic environment that drives technology-led economic development, fosters
broad-based collaboration with Penn’s leading researchers, supports business innovation
and promotes the development, transfer, and
commercialization of cutting edge research.

University City District (UCD):
The Architects of Identity
The UCD is an urban place-making organization that is deeply invested in economic development and quality of life initiatives in
University City. Beginning in 1997 as a small
nonproﬁt organization, it has grown larger to
become one of the most respected and award
winning organizations of its kind.
The organization’s foundational focus is
on the physical world. As planners their primary mission is community revitalization and
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they work within a place-based, data-driven framework to invest in world-class public
spaces, address crime and public safety, bring
life to commercial corridors, connect low-income residents to careers, and promote job
growth and innovation. Below are a list of
their main activities.
Clean and safe streets. UDC employees sixty
Public Safety Ambassadors that serve as a
highly visible deterrent to crime, patrolling
University City streets each day from 10am
to 3am, in cooperation with the Philadelphia,
Penn and Drexel Police departments. It also
has twenty-ﬁve Public Space Maintenance
(PSM) employees work seven days a week
to clean and enhance more than 160 commercial and residential blocks, including the
maintenance of nearly 150 public trash cans.
PSM partners with local residents to keep
the community clean and personal and public
property maintained.
Creating signature public spaces. UDC’s
most prominent space is the Porch at the
30th Street Station Amtrak (intercity rapid
rail) station. This design of a once decaying
streetscape, dominated by concrete barriers
and automobiles space, uses movable tables
and chairs, live arts, food trucks and entertainment programming to create alfresco dining, relaxation and respite for passengers who
travel in and out of the station as well establishing an entrance to University City.
Another example is located at the street
car (light rail) Portal at 40th and Woodland Avenue. The design replaces a concrete wasteland with a vibrant new park and café. The
project improves the street car portal by also
generated vibrancy and activity in a place that
is currently devoid of urbanity. Once completed the Portal will be a powerful demonstration of urban design, transit oriented development, green infrastructure and increase
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transit ridership for a community already built
around a valued transit system.
Reclaiming a historic park for the University
City neighborhood. By raising private funds
UCD completed a landscape plan for Clark
Park, added playground equipment for families, programs the park with a farmers market twice weekly and brings in live entertainment such as the Philadelphia orchestra and
outdoor movies.
Enlivening retail corridors. Each year UDC
produces restaurant week. During this week
restaurants offer discounted ﬁxed price meals
attracting thousands of diners to the area.
Throughout the summer it hosts regular “Dollar Strolls” on one of its main corridors, Baltimore Avenue. During this event a wide array
of unique neighborhood businesses sell samples of the wares for $1.
The UDC stakeholders are the anchor institutions, small businesses and residents that
populate University City. Over time the UCD
has come to be the glue which holds together different organizations enabling them to
stay engaged on big picture issues. Of special note, UDC is one of only a few special services districts in the USA that does not relay
on property tax revenue, but rather voluntary
contributions from its investors.

PRESENT AND
FUTURE PROJECTS
University City is in the midst of a boom in
which the present day success appears to be
stretching into the future. With a new foundation of economic activity, enhanced public safety, vibrant streets, and growing population, the universities and hospitals are seeing
more activity on their campuses as a way to
attracting students, patients, visitors and top
ﬂight talent. Here is a summary of some new
high proﬁle projects.
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Drexel University and the Innovation
Neighborhood
Drexel University is in the midst of a building
boom and planning visioning that it hopes will
positioned it to be a preeminent university. It’s
proximity next to Amtrak’s 30th Street Station
— one of the United States’ most important
train stations, connecting New York, Washington, and the entire East Coast - is the basis of
its concept of a vibrant Innovation Neighborhood within University City. The development
project sits on 12-plus acres of underdeveloped
land that Drexel purchased and is leasing to a
private real estate developer. The project calls
for the creation of a gateway to University City
that will house technology partnerships, industrial joint ventures, academic and research
program, and business incubators. Drexel is
focusing on a dense, mixed use neighborhood
with residential and retail properties. Drexel
recently acquired some public funding, $5 million the Commonwealth of Pennsylvania that is
triggering a total investment of $36 million in
private resources towards realizing the Innovation Neighborhood.

Expanding and Diversifying
the Science Center
The Science Center is adding its ﬁrst mixed
use residential building in a partnerships with
a private developer Southern Land Company.
It features 363 studio, one and two bedroom
apartments, 15,000 square feet of ground ﬂoor
retail, a ﬁtness center and other amenities. The
Science Center is also in a partnership with
Drexel University and Wexford Science and
Technology to redevelop a 14 acre site once
home to a High school and Elementary School.
The site will house new labor and research ofﬁces, new residential and retail, recreation
spaces and creating a hub of activity to complement the science center. The 2.7 million sq.
foot project includes a k-8 public school and in
total is $1 billion mixed use project.
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Figure 15: Drexel’s Innovation Neighborhood Drexel is based upon the university’s acquisition of 12-plus acres of underdeveloped land next to
its campus in University City and adjacent to 30th Street Station, the transit hub of America’s ﬁfth-largest city. The site sits squarely between
Philadelphia’s thriving Center City and the remarkable intellectual ecosystem of University City (home to Drexel, Penn, University of the Sciences and the University City Science Center).
The long term master plan is designed to transform this acreage into a welcoming gateway ﬁlled with robust educational and research institution working together with the private sector to drive economic development for Philadelphia.
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In the foreground is Shoemaker Green, a 2.75 acre public commons and park of lawns, tree lined walkways, and sitting areas that is a popular
University City destination. The $8.5 million project was privately funded and includes stainable elements such as reducing the heat island
effect by greening a previous paved area, restored biomass on site, increased local biodiversity, and minimizes water runoff. The background
includes Weiss Pavilion, adapting and reusing the arches of historic Franklin Field athletic stadium, which once were parking spaces, into a study
lounge, cafe and ﬁtness center.

CONCLUSION – UNIVERSITIES
AND NEIGHBORHOODS:
A NEW ERA OF ENGAGEMENT
Following the top-down engagement of the
1950s and 1960s, urban institutions largely disengaged from their neighborhoods and returned
to their scholarly enclave roots. Slum clearance
efforts had substantively mitigated many of
the issues plaguing university neighborhoods
and upward economic trends helped to stabilize communities through the 1970s. However, a downturn in the economy, augmented
by rising crime and disinvestment rates, meant
that several urban universities faced neighborhood blight once again in the 1980s and 1990s.
Urban renewal’s contentious and difﬁcult lessons, however, meant that universities needed a new approach for working with neighborhoods to secure their mutual future.
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Since the 1990s, the University City educational, medical and research institutions have
increasingly prioritized community engagement and evolved beyond previous towngown models. They have moved past the
constraints of publicly funded projects to initiate rapidly developing, privately funded,
mixed use development. They have adopted
a belief that they have an “enlightened selfinterest” in the health of their neighborhood.
This paradigm shift sparked a new ethos of
university-community engagement, as well
as a generation of university-led neighborhood revitalization approaches, which permeates present-day scholarship.
As a result of its efforts and success the
University of Pennsylvania has been recognized with more than three dozen awards in
planning, architecture, preservation and sustainability from organizations such as the
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Urban Land Institute, the American Planning
Association, the American Institute of Architects, Society of College and University Planning, the United States Green Building Council, the Environmental Protection Agency,
American Society of Landscape Architects,
the Preservation Alliance of Greater Philadelphia and the Sustainable Site Initiatives.
In addition, the University of Pennsylvania
supports its colleagues in higher education
in the U.S, and across the globe, by regularly hosting tours and information sessions for
those developing their own neighborhood initiatives and interested in learning about the
Penn model. A sample from the United States
includes: Brown University, California Institute of Technology, Case Western Reserve
University, Columbia University Cornell University, Harvard University, Howard University, Johns Hopkins University, North Carolina State University, Portland State , Spellman College, Syracuse University, University
of Chicago; University of Rochester; University of Southern California, University of
Maryland, University of Miami, University
of North Carolina (Chapel Hill), University of
Washington (Seattle) and Yale University as
well as major universities from outside the
continental United States representing Australia, Canada, China, England, Japan, Korea,
and Lebanon. Penn has also hosted numerous
foundations with grant making portfolios that
include city planning, and representatives
from government agencies including Boston, Massachusetts, New Orleans, Louisiana,
Washington, DC, Phoenix, Arizona, and Milwaukie, Wisconsin.
This amount of recognition and study is
evidence enough that we are wittiness to an
urban renaissance in which community development is being led by private institutions,
and the forces of the private market illustrate how such commitment can establish the
foundation for a better society.
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ENDNOTES
1 During the American War for Independence the Academy was renamed
the University of Pennsylvania.
2 The Federal Housing agencies drew maps which identiﬁed areas where
the Government would provide housing insurance to guarantee veteran
mortgages. In many area of the City minority areas were excluded from
the mortgage guarantee program and became so called “red lined”
areas. As a result many neighborhoods were quickly transformed from
solid places to live to places where homeowners would sell for any price
to move into other areas where GI insurance was available.
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Figure 1: Västra hamnen seen from the air. Photo by Per Schou (2012) for the book Anderberg, S. and P. Schou: Malmö från ovan, Globe Forlag
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For the last 15 years Västra hamnen (Western
Harbor) in Malmö, and Hammarby Sjöstad in
Stockholm have been the major ﬂagships of
Swedish international eco-city ambitions. These
city development projects are presented both as
leading examples of the conversion of former
industrial harbor areas and of environmental
adaptation of densely built urban environments.
Western Harbor is a centrally located former
shipyard area which, since the end of the 1990s,
has developed into a mixed city area for housing, schools, ofﬁces, shops and other workplaces
as well as for recreational areas with beaches,
parks and yacht harbors. Since its ﬁrst phase,
part of a housing expo in 2001, it has attracted
international interest for its dense architecture,
bold energy goals based on varied local renewable energy production, household waste systems, green and blue structures, and dialogue
processes. By 2031, when the area is completed,
it is expected to be the home for 25,000 people
and 25,000 workplaces. In 2014, there were
7,300 inhabitants and more than 12,000 work
places in Western Harbor, already twice of the
work force of the former shipyard at its height.
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Figure 2: Map of the Western Harbor. Source: City of Malmö, 2013: Västra hamnen 2031 – Ett hållbart och gott liv för alla.
Uppdatering av visioner, mål och strategier, juli 2013 (Västra hamnen 2031 – A sustainable and good life for everyone)
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Figure 3: The drydock of the shipyard was once the largest in the world. It has now been made into a yacht harbor that is
surrounded by dense residential areas and ofﬁce building, e.g. the Scandinavian head ofﬁce of Mercedes Benz and the ofﬁces of the
regional government. Source: Photo by Per Schou (2012) for the book Anderberg, S. and P. Schou: Malmö från ovan, Globe Forlag

THE SYMBOL OF THE
TRANSFORMING CITY
Western Harbor is located northwest of the
city center of Malmö, the third largest city in
Sweden (318,000 inhabitants in 2014 and center of a metropolitan area with approximately 700,000 inhabitants). The 175 hectare area
consists of a peninsula stretching out into the
Öresund Straight and Universitetsholmen (The
University Island) located between the peninsula and the old city center of Malmö that is
surrounded by canals.
The Western Harbor peninsula developed
during the late 19th century as the site of the
Kockum shipyard. Like all the rest of the 10 km2
harbor area of Malmö, the site was built by ﬁlling in the sea. By the middle of the 20th century the shipyard had become one of the most
important builders of oil-tankers in the world,
and the most important employer in the city.
This came to an end with the Oil Crisis in 1973,
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which resulted in a sudden drop in the demand
for new supertankers.
Malmö had constantly been among the fastest growing cities in the country since the early
1800s, but with the economic recession during
the 1970s, Malmö lost 10% of its population.
The tax revenue base of the city1 also deteriorated as high-income groups increasingly settled in residential suburbs in peripheral municipalities. Regional policies introduced in the
1960s disadvantaged the big cities, and new
industrial development took place elsewhere.
Finally the bankrupt shipyard was taken over
by the Swedish state, which closed down civil
shipbuilding2 in 1986.
Since the mid-1990s, the development has
turned, and Malmö has experienced renewed
growth in which immigration, education, trade,
ﬁnance, and cultural activities play key roles. The
emerging Western Harbor with the tall Turning
Torso as landmark has become the most important symbol for this new development of Malmö.
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Figure 4: Turning Torso, the landmark of Malmö. Source: Photo by author (left); Photo by Aline Lessner /imagebank.sweden (right)

HOW IT ALL STARTED: A RESPONSE
TO AN ECONOMIC CRISIS
The Western Harbor project developed as a response to the crisis in Malmö. After the elections
in 1994, the Social-democratic party returned
to power and formed a strong and long-lasting
government both in Malmö and on the national level. Malmö has traditionally been a stronghold for the Social-democratic party, the dominating political party in Sweden since the 1930s.
In 1985, the Social-democrats sensationally lost
power after ruling the city in 66 years. In 1994,
the political situation was almost restored to the
after-war period when Malmö was an important scene for implementing the central government housing, infrastructure and social welfare
policies, including the most advanced wastewater treatment and remote heating systems in
the world in the 1970s.
However, the situation in the mid-1990s
was very different with the country experien-
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cing the worst economic crisis ever. The Malmö
crisis response strategies of replacing lost industrial jobs by new industrial investment had
largely failed. The Saab car factory, which was
established in 1988 with governmental support
to replacing lost shipbuilding jobs, was closed
down in 1991. It was obvious that the city desperately needed a new development strategy.
The newly elected mayor, Ilmar Reepalu, started a Vision project within the city administration
with the aims of identifying a possible positive
future path for Malmö, a trip into the knowledge society, and how Malmö could become a
competitive city in the future Öresund region.
The analysis of the Vision project identiﬁed both strengths and weaknesses. The city’s
density and its established cultural heritage including its nice parks, canals and beaches were
seen as beneﬁts. In addition, the construction
of the Öresund Bridge between Malmö and
Copenhagen started in 1995, and opened in the
2000, was viewed as a positive event.
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Figure 5: Öresund Bridge. Source: Photo by Janus Langhorn /imagebank.sweden

Figure 6: Malmö University. Source: Photo by Kentaroo Tryman /imagebank.sweden
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However, its dramatic loss of industrial jobs,
low education level and very limited supply of
attractive housing were seen as challenges for
the city.
The identiﬁed challenges inﬂuenced the two
major strategic projects emerging from this
process: establishing a new university; and, the
organization of a housing expo. Both these
projects resonated well with national government policies, and received extensive governmental support, and both have had a decisive inﬂuence on the development of the city.
Malmö University College opened in 1998 as
a part of the governmental program for expanding and decentralizing higher education
in Sweden. Today, the college has 13,000 fullyear students from all of Sweden and is the largest and most attractive of the young generation of Swedish universities. The university
college dominates the Southern and Eastern
parts of Western Harbor: Universitetsholmen
and Dockan.

THE FIRST PHASE:
THE HOUSING EXPO BO01
The idea of arranging a housing expo was fuelled
by the need to stimulate investment and construction in the city. To increase the supply
of housing was perceived as a prerequisite for
making high-income groups settle and pay tax
in Malmö instead of in the suburban municipalities that had gained population on the expense
of the city since the 1960s. A housing expo had
the potential to attract extra funding and interest from developers, and to hopefully make
them more interested in investing in the city.
In 1996 Malmö was selected to arrange the
national housing expo, as a result of winning a
competition with seven other major cities. Originally, Limhamn in Western Malmö was assigned
as the site of the expo. However, the City of
Malmö bought the property of Saab Automobiles in Western Harbor, and decided to move
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the housing expo to this area which is closer
to the city center. The expo organization was
launched in 1998 under the name of Bo01 – City
of Tomorrow. Besides the major sponsors of the
expo: City of Malmö, the Swedish government,
and Sydkraft, the regional electricity company
(now a part of E.ON), the EU supported the
project ﬁnancially, including support for particular energy efﬁciency measures and scientiﬁc evaluations of various projects. Originally
scheduled to open in 2000, the expo opening
was postponed until 2001 to coinciding with the
ﬁrst Swedish presidency of the EU Council.
For the housing expo, an “eco-village” with
about thousand new homes was to be constructed as a leading example of sustainable
urban development. The vision was to create efﬁcient sustainable systems for an attractive and convenient compact city, which would
serve as a model for future urban development.
In contrast to earlier examples of “eco-villages”, the inhabitants should not need to make
sacriﬁces to reduce their environmental impact.
Instead the environmental beneﬁts would accrue by using developed and tested technologies and solutions aimed to be generally applicable. It was intended that the lessons learned
in the “eco-village” would be inspiring for cities
all over the world, and thus exportable.

Dialogues With Developers
and The Quality Program
Developers were invited early to take part in
the planning process of the housing expo. Due
to the economic situation, they were at ﬁrst
hesitant, but their interest and enthusiasm
grew with the progression of the project. The
developers chose architects and developed
projects that the city architect and the expo
architect agreed to in parallel. This made the
building permit process smooth and fast, and
construction could begin sooner than normally.
It was agreed that the City of Malmö would be
responsible for public spaces and infrastruc-
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Figure 7: Gardens along the main canal in the Bo01 area. Source: Photo by Aline Lessner/imagebank.sweden

tures while the developers were responsible
for their plots.
Interested developers also participated in
the development of Bo01 quality program that
set standards for achieving the vision as a common basis. Finally, 16 developers signed the allocation agreements with the City of Malmö,
where they agreed to comply with the quality program of Bo01. The quality program contained a number of requirements to be met by
the Bo01 area and its buildings, and aimed to:
∙ Give the developers a single basic standard
securing the attractiveness and quality of
the city district
∙ Be an operative instrument for attaining the
aspirations for the new city district
∙ Secure a high quality in the city district’s
environmental proﬁle
∙ Secure a high level of technology and information services
∙ Secure a high quality of architectural conception and design
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The Environmental Initiatives of Bo01
Many actors were actively involved implementing the vision. Sydkraft developed a concept for supplying the area with renewable
energy. The City of Malmö developed solutions
for soil decontamination, recycling green structure and trafﬁc. The developers designed individual solutions for their buildings. However,
the environmental adaptation of Bo01 was to
a large extent made possible via support from
the Swedish government which in 1998 had
launched “The Green People’s Home” program.
The Green People’s Home policy incorporated environment and sustainable development
into the traditional social-democratic People’s
Home vision that guided the development of
the Swedish welfare state in the after-war period. The most concrete result of Green People’s
Home policy was the Local Investment Program
(LIP) that offered co-funding for environmental investments in Swedish municipalities for accelerating the conversion of Sweden into an
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ecologically sustainable society and developing
the green sector of the economy. After Hammarby Sjöstad, Western Harbor became the
most important project in the ﬁrst round of the
LIP. Sixty seven Bo01 projects were supported
by LIP grants. The environmental initiatives
and LIP projects of Bo01 were grouped into 8
categories:

Urban planning
The ambition for the Bo01 area was to create
a compact and lively district, both providing
shelter from the wind by the seaside, and offering opportunities for a high quality of life in
the sustainable society. The area was planned
to decrease transport needs and car dependency by giving priority to biking and walking.
The street network that was designed by the
expo architect, Klas Tham, consists of mixed
individually designed streets, pedestrian
and bike paths and open squares. Along the
water-front, there is a promenade that opens
up in squares and green areas. The inner area
of Bo01 is car-free with parking facilities outside of the area.

Soil decontamination
Before construction, large former industrial
areas with different degrees of contamination
had to be assessed and secured. Even if soils
seldom were severely contaminated, this remediation involved large quantities of soils that
needed to be evaluated and handled. This process included new kinds of risk assessments,
and testing of different remediation techniques, and resulted in improved routines and
knowledge concerning the handling of lightly
contaminated land.

Energy
A system solution for a self-sufﬁcient community, based on 100 per cent local renewable
energy, on a yearly basis, was created for Bo01
by Sydkraft. A system powered by wind, solar,
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biogas and heat-pumps would produce 6,200
MWh of heating, 3,000 MWh of cooling and
6,300 MWh of electricity per year. A maximum
housing energy requirement was set to 105
kW/m2 and year. Developers sought LIP-support for energy measures to insure that they
lived up to the standards and contributed to the
goal fulﬁllment. These measures included: heat
recovery from ventilation systems; thick layers of wall insulation; triple-glazed, low-e windows; and, energy-efﬁcient appliances. Common facilities for cold storage and waste recycling were also constructed to save space
and energy. A heat pump plant was established
as the heart of the energy network providing
both heating and cooling. The energy was to be
stored seasonally in natural aquifers in 90 meter
deep wells. Some solar panels, and 1,400 m2 of
solar collectors on the roof-tops were planned
to provide 15 % of the heating requirements of
the Bo01 area. A local 2 MW wind power plant
located in the Northern harbor was to produce the electricity needed to power the heat
pumps and also to supply 1,000 apartments
with electricity. The local system was connected to the city district’s heating grid and power
supply network.

Ecocycles
Many measures for ecocyclic management of
materials and waste products were devised for
Bo01. Neighborhood source separation systems
for waste were introduced in the whole area.
Two different organic waste separation systems were implemented; a system for paper
bags collected in a vacuum system; and, a system for pre-separation of food waste based on
disposal mills for biogas production. Surfaces
were covered by tiles and stones that are easy
to remove and to replace, and can be reused.

Trafﬁc
To achieve a more appropriate trafﬁc system,
a particular holistic concept was introduced for
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Figure 8: 1,400 m2 of solar collectors on the roof-tops were planned to provide 15 % of the heating requirements
of the Bo01 area. Source: Photo by the author
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Figure 9: Malmö the city that encourages sustainable transportation. Source: City of Malmö, 2013: Västra hamnen 2031 – Ett hållbart och gott
liv för alla. Uppdatering av visioner, mål och strategier, juli 2013 (Västra hamnen 2031 – A sustainable and good life for everyone)

the Bo01 area with the aims of both reducing
transport needs, and favoring environmentally
friendly transports. In addition, measures were
introduced to inﬂuence people’s attitudes and
behavior concerning trafﬁc. Cyclists and pedestrians were given priority, while cars and
car parking were restricted. Car pools and
public transport via frequent bus services to
the central railway station were introduced.
The expo also included demonstration and
education activities concerning sustainable
transportation.

Green structure and water
A central challenge for Bo-01 was creating a
modern, resource-efﬁcient and compact city
district that would still be close to nature, and
offer space for biodiversity and water. For
provide for this goal a habitat-rich city district was created which provided space for
biodiversity and for local storm-water management. A green space factor system was
developed where developers could meet the
performance requirements by introducing in-
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itiatives that favored biodiversity, connecting
with local storm-water management, reducing the environmental impacts of courtyards, or adding elements of landscape architecture to their courtyards. This created
various green and blue arrangements in the
compact district, such as green roofs and
ponds, and the whole area is surrounded by
waters, canals, and saltwater channels.

Building and housing
The area development plan, the quality program and some other speciﬁc rules concerning green spaces and color schemes set the
framework for the building development at
Bo01. These standards however did allow individually designed housing projects with
the result that the area is characterized by
great variety of types of buildings, designs,
building techniques and tenures. Both student and senior housing were included. New
methods for building systems and materials
were tested, even a return to wooden house
construction.
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Figure 10: The Bo01 is surrounded by waters, canals, saltwater channels and the seaside. Source: Photo by Aline Lessner/imagebank.sweden

Figure 11: Bo01 is characterized by great variety of types of buildings, designs, building techniques and tenures.
Source: Photo by Aline Lessner/imagebank.sweden
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Information, dissemination, housing
activities, research and evaluation
Before, during and after the housing expo,
Bo01 served as an important center for information and exchange on sustainable urban development issues. Numerous exhibitions and
activities during the housing expo focused
on the environment and sustainable development. The area also became the focus for several educational programs for school children
and for a wide variety of research.

The Housing Expo and Its Impacts
The housing expo in the summer of 2001 attracted a lot of interest in the national media,
but it was actually not a success. The target of
500,000 visitors was never reached and the
expo company went bankrupt after the closing
of the 4 month expo. Many citizens of Malmö
thought that the entrance fees were too high
and stayed away, and the expo did not reach
the intended international attention. With exception of 140,000 Danes, the number of foreign visitors was far lower than projected. This
“prestige project” had been controversial and
debated from the start, and local media coverage of the whole process leading up to the
expo had been rather critical, and negative. In
the autumn of 2001, the critics took malicious
delight in the economic failure of the expo, and
used this as the ﬁnal proof that the whole project was a total failure, that everything it was
built upon was wrong for a city like Malmö,
and that it was a complete waste of tax-payers’ money. Critics argued that the city should
not spend its limited resources on such expensive events nor construct exclusive attractive
housing areas for wealthy people.
However, with the completion of the Bo01
area, the opening up of the area to the public, and its increasing integration in the city, the
skeptical feelings faded away. Today especially
during the summertime, Bo01 is frequented by
people from all parts of Malmö, and most locals
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see it as an asset to the city, worth showing to
all visitors. It is indeed a unique area of the city
that could not have realized without the extra resources and efforts that were mobilized
through the housing expo.
From an environmental planning and policy
perspective, Bo01 provided City of Malmö with
fresh starting-points. The expo projects made
the city able to show advanced examples in a
number of different areas, and Malmö was suddenly among the cities that had a lot to show
in terms of innovative urban sustainability projects. The years after the expo, increasing interest among international specialists and experts arose, and Malmö has since then attracted an increasing number of visitors from
all continents. The City of Malmö also became
very active in different international sustainable
city networks, and began to regularly organize
conferences on themes related to sustainable
city development that further stimulated international interest. The city has received several
international awards and honors during the last
decade, such as a Livable Communities Award
2007, an Urban Best Practice Expo award in
Shanghai 2010, a World Habitat Award 2010 and
an Earth Hour Capital award 2011.
After Bo01, Malmö has continuously attracted large amounts of funding for various
sustainability related city development projects
and developed its role as a test-bed for new
environmental technology and planning practices. The international recognition also made
the city an increasingly attractive collaboration
partner, and City of Malmö has participated in
numerous international projects, often ﬁnanced
by the EU, and focused on further development
of aspects of Bo01.
In relation to all the focus areas of Bo01 projects, spinoffs can be identiﬁed in terms of inﬂuences and further developments in later construction and city development projects, planning practices, city policies and various urban
sustainability projects.
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Figure 12: Western Harbor, with the Turning Torso in the background. Source: Photo by Justin Brown /imagebank.sweden
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THE SECOND PHASE:
COMPLETION OF THE
BO01 AREA AND
THE TURNING TORSO
Many houses and apartments were ready to
show at the housing expo, but the area was
far from ﬁnished in the summer of 2001. The
years after Bo01, the area was completed and
expanded. Among the added buildings was the
HSB Turning Torso tower, ready in 2005, which at
190 meters is the tallest residential building in
Scandinavia. This spectacular 54-story building
was designed by the Spanish architect Santiago Calatrava. It consists of 9 six-story pentagon-shaped segments that twist in relation
to each other. The tower has 147 apartments
and conference facilities at the top. Skyscrapers are rare in Scandinavian cities, and plans of
tall buildings have often been quite controversial. However, in the beginning of the new century, the city politicians felt that Malmö needed a new addition to its skyline. It replaced the
formerly highest structure which was the shipyard crane, removed and transported to South
Korea in 2002.
With the completion of the Bo01, it became
evident that the goal of creating a very attractive new city area had been reached. However, it was at ﬁrst difﬁcult to sell or ﬁnd tenants for the many exclusive apartments due to
the very high purchase prices for condominiums and small houses, and the rents which
were above average monthly salary levels. The
student houses in the area also have been difﬁcult to ﬁll due to more expensive rents than
other housing alternatives in the city. The weak
market for exclusive apartments also created
problems for the Turning Torso that was originally planned for condominiums. Insufﬁcient
interest for buying the condos resulted in that
they were instead made rental apartments.
Due to construction costs that dramatically
exceeded the budget, the Torso has not been
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an economic success for the owner HSB (“Savings and Construction Association of the Tenants”), the national cooperative housing organization, which unsuccessfully has tried to sell
the building. Despite all of these issues, after a
few years the project was deemed a success
by most developers.
The sustainability visions and goals for the
Bo01 area were only partially met. Particularly the energy goals proved difﬁcult to realize
in practice. Partly due to the accelerated planning and construction processes, the insulation
of buildings and the energy production systems such as solar panels and collectors did not
become as efﬁcient as envisioned. The area is
not self-sufﬁcient in terms of energy, but since
the opening of the largest offshore wind turbine park in Sweden (Lillgrund windfarm, south
of the Öresund Bridge) it can be claimed that
the area is supplied with locally produced renewable electricity.
The restricted parking space also soon became a problem for the new local residents,
who had more cars than the 0.7 parking space
per household (compared to general Malmö
standard of 1.1) in the area allowed. After a few
years a parking garage was built beside the
Torso as a solution to this problem.
However, Bo01 and particularly its beach
walk, quickly became a very popular excursion
sight and summer meeting-place for young
people from different parts of the city. This
has made Bo01 to an unusually lively and wellintegrated water front area. Despite swimming
prohibition along the beach walk, Bo01 was already in the summer of 2002 a very popular
swimming site. The authorities took the consequences, and abolished the prohibition, and
developed a city beach with bathing platforms and security measures. In 2005, Scaniabadet with three bathing platforms opened
north of Bo01, and the swimming area today
stretches along almost the whole outer rim of
the peninsula.

ISOCARP · REVIEW 11

WESTERN HARBOR IN MALMÖ

Figure 13: Residents enjoying the sun and the water. Source: City of Malmö, 2013: Västra hamnen 2031 – Ett hållbart och gott liv för alla.
Uppdatering av visioner, mål och strategier, juli 2013 (Västra hamnen 2031 – A sustainable and good life for everyone)

THE FURTHER DEVELOPMENTS
IN THE WESTERN HARBOR
After the housing expo, the development of
other parts of Western Harbor began. Around
Dockan (“the dock”), the shipyard’s gigantic
drydock, was turned into a yacht harbor. Old
refurbished shipyard buildings got new functions related to the university college, other
schools, media industry and other businesses. New high density residential areas and ofﬁce buildings have gradually been added. To
the west of this area, Stapelbäddsparken (The
Slipway Park), a creative center for youth and
street culture with a large skateboard park
has been developed in connection to a former
shipyard slipway.
Universitetsholmen is today the center of
Malmö University College with its main building
Orkanen that opened in 2005. From the island,
there is direct access to the new subterranean
part of Malmö Central Station, which opened
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with the City Tunnel in 2010. The City Tunnel is
a 6 km long tunnel which provides a short-cut
for the trains to the Öresund Bridge. On the
University Island, new, often higher and denser ofﬁce buildings have replaced most of the
older industrial and ofﬁce buildings. The latest
development is Malmö Live, a new concert and
congress center, crowned by a 25 story hotel
that opened in June 2015.
In the northern part of Western Harbor, new
residential areas (Flagghusen, 2004-2008, Fullriggaren, 2009-2013, and Kappseglaren, 20112016) have been developed around the large
central park and city district school. In contrast
to Bo01, these are regular construction projects with much more limited funding, but they
all have been inﬂuenced to some degree by the
heritage from Bo01.
In connection with the planning of Flagghusen an ambitious developer dialogue took
place. It was funded by the national program
“The Building-Living Dialogue” (2004-2009),
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Figure 15: Västra hamnen 2031 – a sustainable and good life for
everyone. The latest updated vision, goal, and strategy document
for Western harbor that in 2031 will house for 25,000 people and
25,000 work places. It emphasizes the vision that Western harbor
will be a part of the city will be both sustainable, and bring a high
qualiy life for all.
Source: City of Malmö, 2013: Västra hamnen 2031 – Ett hållbart och
gott liv för alla. Uppdatering av visioner, mål och strategier, juli 2013
(Västra hamnen 2031 – A sustainable and good life for everyone)
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and was among the most productive processes of this program. It resulted in a sustainability agreement for Flagghusen covering rental costs, architectural diversity, energy
efﬁciency and green space goals, indoor climate, accessibility for all and waste separation
infrastructures.
Fullriggaren was the ﬁrst area that was developed based on the local sustainable building program, Byggmiljöprogram Syd (“The Environmental Building Program South”). This
program, developed by the cities of Malmö
and Lund in collaboration with Lund University,
utilizes a standardized classiﬁcation system to
compare building criteria concerning energy,
humidity, indoor environment, and biodiversity. It has three levels, all stricter than the national regulations. In Fullriggaren, the developers also introduced a number of sustainability initiatives: it contains the largest bio-waste
collection system through waste mills, separate pipes and collection tanks, and the largest collection of passive and low energy houses in the country.
Kappseglaren contains several leading examples of sustainable building projects. For example, one of the ﬁrst carbon-neutral apartment
buildings, an apartment house which has maximized green surfaces and biological diversity, and E.ON’s house, The Sustainability, a pilot
project for smart energy systems.
In the southern part of the peninsula, conversion of sparsely built business-dominated areas into more dense mixed areas is taking place in Hamnporten. There are several residential buildings with shops in the bottom ﬂoor
that have been added in connection with the
World Trade Center, and conversion plans have
been made for the remaining industrial area to
a new dense neighborhood. The most interesting and daring project underway is Masthusen, south of the District’s Central park, where
the goal is to create a dense lively business and
service center for Western Harbor with inspi-
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ration of lively and walking-friendly European
city centers such as along Strøget in Copenhagen. This area will consist of 1000 homes and
20,000 m2 of space for ofﬁces, shops and services, and is the ﬁrst development outside of
the United Kingdom to be certiﬁed by BREEAM
Communities. The BREEAM evaluation includes
evaluation of energy use, indoor climate, waste
management, choice of building material and
location in relation to public transportation.
The Western Harbor development is still ongoing and far from complete. Since the development of some of the important mixed
areas that are projected as the core of the
Western Harbor have not come so far, it remains to be seen if the challenging visions for
creating lively dense mixed district, dominated by street walkers and bikers, will be realized.

Final Reﬂections
Twenty years after the ideas of a housing expo
and conversion of the harbor area started to
develop, it is hard to say anything but that
Bo01 and the conversion of the Western Harbor have given very positive impulses to the
city. Together with the university college, the
Öresund bridge and the improved connections
to Copenhagen, they have been important for
turning the development of the city. Western
Harbor has become the new façade of Malmö,
where the city is able to show itself as it would
like to be: dynamic, creative and in the international forefront of the development of a livable and sustainable city. It has also convinced
developers to become more interested in investing in the city and improved the collaboration between developers and the city.
Starting with Bo01, the city, via partnerships
with developers and other companies, has
been able to create a new attractive district of
the city with a long list of interesting projects
from planning, architectural, environmental and infrastructural point-of-views. Western Harbor contains many examples of how
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dense cities can be both energy efﬁcient and
green. The international interest and recognition for the area has been of great importance
for the city. Large groups come to visit Malmö
from different parts of the world to see Bo01
and Western Harbor, the new developments
in Hyllie in the periphery or revitalization projects such as the Eco-city Augustenborg. Increasingly delegations have visited Malmö to
learning about the “the city’s transition from
the industrial city in crisis to the city of knowledge”, as it is called in the ofﬁcial storyline.
This has been very important for developing a
new image and self-conﬁdence in Malmö that
still in the Swedish context most often stands
out as a city with many unsolved challenges
related to poverty, crime, poor school results and integration of immigrants. The international recognition has also stimulated the
sustainability agenda and greatly increased
the ambitions of the city. The many activities
and projects, and the international exposure
have also brought an expansion and upgrading
of the planning and environmental administration of the municipality.

ENDNOTES

1 The most important source of income for Swedish municipalities is the
municipal income tax paid to the home municipality.
2 Construction of naval ships, primarily submarines, continued, but has
gradually moved to Karlskrona, the ofﬁces of what remains of Kockum is
still in Western Harbor.
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ECOLOGICAL INFRASTRUCTURE
AS A TOOL FOR SMART PRESERVATION
AND SMART GROWTH
THE NEGATIVE APPROACH1
KONGJIAN YU · HAILONG LI · DIHUA LI

Beijing under to air pollution
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The conventional planning approach is failing to meet the challenges of swift urbanization and sustainability in China, because of its
focus on economic centered urban development
and population growth projections and its use
of civil infrastructure design to shape development. We propose a “negative approach” for
planning which deﬁnes an urban growth pattern
and urban form through the identiﬁcation and
planning of ecological infrastructure.
The negative approach has its roots in
landscape urbanism and has evolved from
the pre-scientiﬁc model of Feng-shui2
as the backbone of human settlement. It is also
derived from the 19th century notion of greenways as recreational infrastructure, the early
20th century idea of green belts as urban form
makers, and the late 20th century notion of ecological networks and the former concept of Ecological Infrastructure (EI) as a framework in the
biological preservation ﬁeld.
Our deﬁnition of EI is thus composed of critical
landscape structures that are strategically identiﬁed and planned to safeguard the various natural, biological, cultural and recreational processes
across the landscape, securing natural assets and
ecosystems services, essential for sustaining human society. In the negative approach to planning we re-purpose EI from an ecological preservation activity to that of the determinate factor
in city planning. EI functions as an effective tool
for smart growth in the context of rapid urbanization, and it deﬁnes the scale, context and
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conﬁguration of future urban development patterns. EI is strategically planned and developed
using less land but more efﬁciently preserving the
ecosystems services. Using Taizhou City as a case
study, this paper demonstrates how the negative
approach uses EI as a tool to guide and frame
sustainable urban development.

INTRODUCTION
Urbanization in China Challenges
Physical and Spiritual Sustainability
China’s urbanization is unprecedented. According to the UN report (UN, 2007), at the end of
2006, China’s total population was 1.3 billion
of which 44 percent reside in urban areas. By
2035, the urban portion of the population will
reach 70 percent. Three facts make this projection more meaningful: (1) spatial imbalance:
about 94 percent of the population lives on
approximately 46 percent land in the east part
of China; (2) the scarcity of natural resources:
China posses 21 percent of the world population but only 7 percent of the world fresh
water and other natural resources. The water
volume consumption per capita in China is one
fourth of the world average; and, (3) a landscape with rich heritages: China has a civilization history of more than ﬁve thousand years,
and virtually any inch of the land is a cultural heritage.
These facts have imposed two challenges to
landscape and urban planning.
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First, there is sustainability challenge. For example, while thousands of dams lay across almost all rivers in this country, more than ever,
a broader population is exposed to disastrous
natural forces, as demonstrated by China’s
numerous ﬂoods and droughts each year. At
present, the total area of desertiﬁcation accounts for about 20 percent of the whole country. Furthermore, about 5 billion tons of soil
erode yearly into the ocean (Gao, et al ,2004;
Jiang and Liu, 20, 04; Zhao, et al, 2004). Statistics show that in the past 50 years, 50 percent of the China’s wetlands have disappeared,
and 40 percent of the surviving wetlands have
been polluted (Chen, Lü and Yong, 2004). The
ground water level drops every day. In Beijing
for example, the underground water over use
is 110 percent, and each year the underground
water level drops by one meter. Two thirds of
the 662 cities now lack sufﬁcient water, and
not a single river in the urban and suburban
areas runs unpolluted. While the GDP growth
rate in the past twenty years is impressive in
most of Chinese cities, the annual loss caused
by the environmental and ecological degradation is now between seven and twenty percent
of the GDP. This is equal to, or even higher than
annual GDP growth (Guo, 2004). One can only
ask: Is this sustainable? How can landscape and
urban planners play a role to meet these unprecedented challenges?
Second, there is a Cultural and spiritual integrity challenge. The second challenge is the
loss of our spiritual homeland. Every piece of
land, and all elements in the landscape are inhabited by various spirits, where our ancestors
were buried. The trend toward materialism is
taking over China at a rapid rate. The Dragon
Hills (sacred hills) that secured numerous villages in rural China have been bulldozed. Meaningful and sacred streams and ponds in front
of the villages have been ﬁlled or channeled
in the name of ﬂood control. Landscapes have
become commercialized. Gradually, we have
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lost our spiritual connection to our land and
to earth. How can urban planners assume the
role to protect and rebuild such spiritual connections through the design of our physical
environment?
In order to meet these two challenges, the
methodology of planning has to be reversed.

The Failure of the Conventional
Approach to Urban Development
Planning
The Chinese system of urban planning was
a heritage from the former socialism Soviet
Union, where the physical planning of urban
development was an extension of social and
economic development planning. In addition,
the single most important basis for urban development planning was the accommodation
of the future populations, upon which urban
land use, resources allocation, functional zoning and built infrastructure plan are based.
However, the population projection for the
long-term (20 years) and even in short term
(5 years) rarely proved accurate, partly due to
changes in government policy. For example,
in 1986 the population of Shenzhen was estimated to be 1.1 million in 2000; but the actual
growth was 7 million by the end of 2000. The
same is true for Beijing and Shanghai (Yu, et al,
2005a, b).
This model of urban development planning
initiated large-scale technocratic projects and
mono-functional simpliﬁcation. Nature was
not considered as a system, and zoning was
directed by economic principles. As noticed in
other Soviet inﬂuenced countries: “Destruction of traditional landscape systems and ecological destabilization of landscapes, with extensive erosion, soil salinization, forest dieback
and water and soil pollution, were visible results of this process,” (Jongman, 2001). As a
result, planning of land use and facilities and
infrastructure can never catch up the ever ex-
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Figure 1: The dreamed city is actually the “hell” for people

panding population, and the urban boundary,
following the extension of infrastructure, just
keep crouching the unplanned rural land indiscriminately. Critical cultural heritages and natural habitats are getting lost before any conservation plans are carried out. Because in
this conventional approach, any environmental conservation planning, historical protection
planning and green system planningÐor even
the ﬂood control planning was subordinate to
the comprehensive master planning, which
does not cover the rural area beyond the urban
development boundary. This shortcoming of
the conventional planning system has recently
been widely noticed (Yu, et al, 2005a,b; Yu and
Mary, 2006), but changes occur slowly.
In addition to the technical failure of this
economic development oriented planning system, the shift of systems from a planned central economy to a market one, weakens urban
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planning power. Physical planning is being subordinated to a socialist reference, as results
are observed in a “fried egg” city form. After
the reform in the 1980’s, “Leap Forward” type
of city was able to show new development
zones, a science center and new university cities, which are virtually leap out of the master
plan area and beyond the former greenbelt, or
any comprehensive plan.
It is well recognized that urban planning
is playing a less important role in development control and it has been widely recognized that the conventional economic oriented approach to urban development planning failed (Gaubatz, 1999; Yeh and Wu ,1999;
Cheng and Masser, 2003; Jim and Chen, 2003)
. As a result, Chinese urban planners are facing
a huge challenge, and are required to modify the urban planning system from a centrally planned, to a transitional economy re-
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GOALS AND OBJECTIVES: SMART PRESERVATION AND SMART GROWTH
Deﬁne an EI to safeguard the ecological integrity and cultural identity of the landscape;
and use the EI to guide and frame the urban growth

PROCESS ANALYSIS: Critical processes associated with ecosystems
services need to be safeguarded before urban growth
ABIOTIC PROCESSES
(e.g. ﬂood control, storm water
management, soil erosion)

BIOTIC PROCESSES
(e.g species ﬂow and biodiversity)

CULTURAL PROCESSES
(Recreation, visual perception
heritage protection)

DEFINING LANDSCAPE SECURITY PATTERNS:
Critical landscape patterns that safeguard individual processes
SECURITY PATTERNS
FOR ABIOTIC PROCESSES
(low, medium and high levels)

SECURITY PATTERNS
FOR BIOTIC PROCESSES
(low, medium and high levels)

SECURITY PATTERNS
FOR CULTURAL PROCESSES
(low, medium and high levels)

DEFINING THE ECOLOGICAL INFRASTRUCTURE:
Integrate landscape Security Patterns using overlapping technique to create alternative
EI’s at different security levels to create EI’s with different qualities
EI AT LOWER QUALITY

EI AT MEDIUM QUALITY

EI AT HIGHER QUALITY

DEFINING URBAN GROWTH AT THE LARGE SCALE:
Urban growth scenarios based on the regional EI’s are proposed as well as a comparative impact analysis for
alternative growth scenarios is carried out. One or more feasible scenarios can be selected
URBAN GROWTH SCENARIO 1
BASED ON LOW EI ATTRIBUTES

URBAN GROWTH SCENARIO 2
BASED ON MEDIUM EI
ATTRIBUTES

URBAN GROWTH SCENARIO 3
BASED ON HIGH EI ATTRIBUTES

DEFINING URBAN FORM AT THE MEDIUM SCALE:
create urban open spaces system based on EI
DEFINING URBAN FORM AT THE SMALL SCALE:
speciﬁc site urban development alternatives based on EI
URBAN DEVELOPMENT
ALTERNATIVE-1

URBAN DEVELOPMENT
ALTERNATIVE-2

URBAN DEVELOPMENT
ALTERNATIVE-3

Figure 2: Framework of the Negative Approach of urban development planning based on Ecological Infrastructure
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form. Action of a revolutionary change on
planning method was called upon in the past
decade (Yeh and Wu, 1999; Wu, 2003ÐYu, et
al, 2005a,bÐZhao, 2003Ð2004ÐYang, 2003;
Zhang, 2003). Among them, the “negative approach” was proposed (Yu, et al, 2005a,b; Yu
and Mary, 2006), as a counterpart of the conventional “positive” approach in the sense of
economic urban development.
The key in the “negative approach” is planning EI and its subsequent application to shape
the urban growth.

THE NEGATIVE APPROACH:
METHODOLOGY
The goal of the negative approach to landscape and urban planning is to meet the challenges of sustainability, by planning a landscape and sustainable urban form which allows
land to be developed without losing its ecological, cultural and spiritual integrity. Instead
of using population projection as the basis of
economic development planning, the negative
approach looks for the ecological and cultural sustainability and integrity of an area as the
solid base for development planning. Instead
of planning civil infrastructure as the framework for urban development and architectural urbanism, the negative approach considers
the existing Ecological Infrastructure (EI) system of the area and shapes the urban form and
frames the urban development to this system.
The overall goals and objectives are Smart
Preservation and Smart Growth.
With this objectives in mind, the negative
approach to planning is composed of the following steps (see Figure 2):

Deﬁning Landscape Security Patterns
Landscape Security Patterns (SP’s) are identiﬁed for the individual targeted processes. SP’s
are composed of elements and spatial positions
that are strategically important in safeguarding
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the different processes across the landscape.
Models including suitability analysis, minimum
cost distance and surface analysis were used in
the identiﬁcation of Security Patterns for the
individual processes (Yu, 1995, 1996). Alternative security levels - low, medium and high are used to deﬁne the attributes of the SP’s in
safeguarding each of the targeted processes.

Deﬁning Ecological Infrastructure
The overlaying technique is used to integrate
the SPs for individual processes. Alternatives
of EI are developed at various quality levels:
high, medium and low. Green lines were drawn
to deﬁne and protect the EI.
The EI is planned at three scales as shown in
Figure 3:
1. The regional scale (hundreds to thousands
of square kilometers): At the regional scale,
green lines are drawn to deﬁne the structural elements as corridors and restricted
areas for construction.
2. The intermediate scale (tens of square kilometers): At this scale, the overall design
and management guidelines are developed
for EI, and especially for the green corridors
that work as critical EI elements in water
management, biodiversity conservation,
heritage protection and recreation.
3. The small scale (less than ten square kilometers): At a speciﬁc site, urban green network is designed to allow ecosystem services to be delivered into the urban fabric.

Deﬁning urban form at the large
scale: Urban growth alternatives
based on regional EI
Urban development patterns are deﬁned at
regional scale based on regional EI. Using the
multiple EI alternatives as framing structures,
scenarios of regional urban growth patterns
are developed. A planning committee represented by decision makers of the city, planning experts and stakeholders, makes impact
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LARGE SCALE

assessment for these scenarios. The decision
makers, based on a balanced evaluation of
economical, ecological and social beneﬁts, can
ﬁnally select one of the scenarios.

Deﬁning urban form at the
intermediate scale: urban open
spaces system based on EI

MEDIUM SCALE

At the intermediate scale, the regional EI is to
be integrated inside the urban structure, and
become the urban green space system which
integrates various functions of ecological conservation, heritage protection and recreational
activities, commute and cycling.

SMALL SCALE

Deﬁning urban form at the small
scale: site speciﬁc urban development
alternatives based on EI

Figure 3: Building an EI at three scales

Alternative urban development models are designed at an individual site and neighborhood,
following EI guidelines developed at that scale.
In these urban development alternatives, ecosystem services safeguarded by EI are delivered into the urban fabric so that the conventional urban sprawl can be avoided. Building the
EI into the site speciﬁc land use schemes, as a
new way of development, will not only help the
whole city, but will also beneﬁt the site specific development ecologically and economically.

A CASE STUDY: TAIZHOU CITY
IN ZHEJIANG PROVINCE
Taizhou is located at the South East coast of
China, with a total area of 9,411 square kilometers, and a population of 5.5 million. At present
only 700,000 people live in urban areas. However the urban population is expected to increase to 0.9 million in 2010; 1.3 million in 2020,
and 1.5 million in 2030. Although it has a quite
rural and agricultural character, it is now one
of the fastest growing areas in China due to a
boom of small private industries (Figure 03).
Under the inﬂuence of the monsoon climate
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Figure 4: The simulation of urban sprawl of Taizhou City based on economic and development oriented model:
urban sprawl indiscriminately takes over and destroys the integrity and identity of the landscape.

Figure 5: The sprawl of city at the sacriﬁce of cultural heritage (centuries old villages were
wiped out over night to give room for new development, Beijing). Source: author
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and being adjacent to the east sea, ﬂood has
been a major hazard. As an adaptation to the
storm water and ﬂood problem, the landscape
has been shaped into a unique form featured
with a network of water courses that integrate
natural water systems, wetlands and manmade ditches, as well as cultural heritages such
as bridges, dikes, dams, and vernacular landscapes. This area has long been famous for the
rice, ﬁshery and citrus production. Arable and
land plains available for development are very
limited in this area.
This water network landscape, which has
been effective in preserving the agricultural processes in the past thousands of years, is
now facing the challenge of being destroyed
by the swift urbanization process that had
begun in the earlier 1990s. The wetlands have
been ﬁlled, rivers have been straightened and
channeled, cultural heritages (not listed as protected historical relics), have been destroyed
as well as visual and recreational experiences
have been totally ignored.
Addressing the above situations, the Negative
Approach to urban growth planning was taken
to safeguard sustainability of the landscape.

Critical Landscape Processes
Three categories of processes are targeted:
1. The abiotic processes: In Taizhou area, the
monsoon storms frequently causes ﬂoods
and waterlog, and the main focus of the
process analysis is ﬂood control and storm
water management.
2. Biotic processes: Native biodiversity conservation is the focus of the biotic analysis. Birds are the main concern for this area
due to the rich ﬂuvial and inter-tide wetland
ecosystems. This area has been listed as one
of the important bird areas both in the nation and in the world. Feeding, nesting and
immigration processes, are the main focus
for the purpose of protection of habitats
and biodiversity.
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3.

Cultural processes: The targeted cultural processes include historical processes of
cultural heritage sites and cultural landscape, and the process of recreational use
of the landscape.

Arc/Info GIS was used to store, overlay and
analyze layers of natural, cultural and social
economic data.

Deﬁning Landscape Security Patterns
for the Targeted Processes
The security pattern model is focused on the
biological conservation. Therefore the general
spatial model for the SP’s, for all the horizontal
processes across the landscape, are composed
of the following elements (Yu, 1995,1996).
Sources: The core area and the origin of the of
the target process, such as core habitats for the
targeted species, heritage sites for preservation
and ﬁshing ponds for recreation.
∙ Buffer zones: the areas around the sources,
which are potentially important in protecting
the sources.
∙ Linkages: the connecting linear elements that
link two or more of the sources.
∙ Radiating routes (for biological processes):
from the sources, which are the potential
network for species to take control of the
landscape. Here, the target species are taken
as active and initiative forces of control over
the landscape.
∙ Strategic points: the spatial location that potentially controls the movement and connectivity of the target process.
SP’s for any individual process are composed
of more than one of the elements, but not necessary all of them:
Three security levels - low, medium and high
- are used to deﬁne the quality of the SP’s in
safeguarding each of the targeted processes.
The security levels are classiﬁed according to
the area, number and quality of the landscape
elements that make up the Security Patterns.
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Figure 5: Large scale: The overall regional ecological infrastructure (EI) was an integration of security patterns and plans for ﬂood control,
biodiversity conservation, cultural heritage protection and recreation. Three alternatives of EI were developed corresponding to high, medium
and low security levels. They will be used to guide and frame regional urban development pattern.

(1) Security Patterns for ﬂoods
Various hydrological models were used to
simulate ﬂoods based on rainfalls, tides, terrain and wetlands. Floodable areas are calculated for 10 years, 20 years and 100 years frequencies, which are used as the criteria for the
deﬁnition of security level of ﬂoods. Flood SP’s
include the existing water channel network,
wetland, and potential wetlands and ﬂood vulnerable areas.

(2) Security Patterns
for biodiversity conservation
The Focal Species Approach for biodiversity
conservation is widely accepted and used to
identify critical landscape elements and location of biodiversity conservation (Caro, 2000;
Opdam, Verboom,et al.,2003 ; Brooks, and Ken-
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nedy, 2004; Lambeck, 1997; Eycott, Watts et al,
2007). Birds are the main concern for this area
due to the rich ﬂuvial and inter-tide wetland
ecosystems. Nationally ranked endangered birds
(in the red list) are selected as the Focal Species to identify native habitats and biodiversity
protection.
The Security Patterns are identiﬁed based on
two overlaid analysis (Yu, 1996): the suitability
analysis of the habitats (sources) for the focal
species, and the potential surface analysis based
on the least-cost analysis and surface models
(Knaapen et al., 1992; Yu, 1995, 1996, 1998; Ferreras, 2001; Graham, 2001; Michels et al., 2001;
Schadt et al., 2002, Adriaensen , 2003). On the
potential surface, buffer zones, potential linkages, radiating routes and strategic points were
able to be identiﬁed.
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(3) Security Patterns for the cultural processes
Both heritage sites and linkages that connect, or potentially connect, theses sites, are
included in the construction of SP’s for heritage protection. Recreational sources are then
referred to recreational resources (e.g. water
body for ﬁshing, forest for hiking, and historical site for sightseeing) and the linkages between these resources are based on the leastdistance model result.

Deﬁning the Ecological Infrastructure
at The Regional Scale
The overlaying technique is used to integrate
the individual SP’s for various processes. Alternatives of regional EI are developed at diverse quality levels: high, medium and low.
Green lines were drawn to deﬁne protected
areas. The People’s Congress of Taizhou City
is now approving these basic green lines for
legislation (see Figure 5).

Scenarios of Urban Growth Pattern
Based On The Regional Ecological
Infrastructure
Using the three regional EI alternatives as frame
structure, scenarios of regional urban growth
patterns were simulated using GIS: the Adjusted
Sprawl scenario, the Aggregated scenario, and
the Scattered scenario.
Comparative impact evaluations were made
for these scenarios by a planning committee
composed of decision makers of the city, planning experts from all over the country, stake
holders who are represented by ofﬁcials from
various functional departments of the Taizhou
city government (including the departments of
agriculture, water management, forestry, industry, tourism, ﬁnance, transportation, public affairs, security, culture education, tax, etc.), and
representatives of individual villages who originally owned the land, representatives of developers and representatives of investors who are
eager to get the right to develop the land.
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One of the three urban growth scenarios
was ﬁnally selected as the most feasible. Decision makers ﬁnally selected one of the three
urban growth scenarios as the most feasible,
after multiple brainstorms among the planning committee. As expected, the Aggregated
Scenario, which is based on the medium quality EI, was considered the more balanced and
less difﬁcult to be implemented (see Figure 6).

Shaping Urban Form at
the Intermediate Scale
In shaping the urban form and structure at
the city scale, an urban open space system is
planned connecting the regional EI with the inner city’s landscape elements, related to ecological, cultural and recreational values, and
also integrated with the commute routes, cycling network and pedestrian network.

Shaping Urban Land Development
at The Small Scale
Using a selected site (ten square kilometers in
size) as a demonstration, alternative urban development models were designed to test the
possibility of building an EI based city. In these
alternatives, ecosystem services safeguarded
by EI are delivered into the urban fabric so that
the conventional urban development model
can be avoided.
These new urban land development alternatives were presented to the developers and investors, as well as the city decision makers, to let them know that the business-as-usual models of land development
can be avoided. The new way of development
by building the EI into their land use scheme
will not only help the whole city, but will also
beneﬁt the site development ecologically and
economically. These alternative development schemes show how the regional, large
and small scales of EI can be realized into land
development to handle the problem of urban
growth (see Figure 7).

ISOCARP · REVIEW 11

ECOLOGICAL INFRASTRUCTURE AS A TOOL FOR SMART PRESERVATION AND SMART GROWTH

Figure 6: One of the three urban growth scenarios: the aggregated urban pattern based on the EI at a medium security level

Figure 7: Small scale: The water town alternative. Flood hazard is to be avoided through retaining and diverging water, but not by channelizing and
damming. Let one river become ten streams and let the ecological services from the EI penetrate into the urban fabric and individual households.
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CONCLUSION
It is argued that, the current urban growth
model in China is unsustainable. Recognizing
this fact, the Chinese leadership is now calling
for ecological civilization (Hu Jingtao, 2007),
a totally new concept proposed in Chinese
language and especially worded from the
top Chinese leader. It reﬂects an important
change in the top Chinese leadership’s understanding of development. Rather than emphasizing economic construction as the core
of development as it did in the past, the Chinese leadership has come to realize that development, if sustainable, must entail a list of
elements including the right relationship between man and nature. The ecological civilization concept is proposed at a time when
ecological and environmental issues are at a
very serious stage. Facing such a reality, the
construction of ecological civilization was
absolutely not rhetoric for chest thumping
by ofﬁcials in their speeches. It needs to be
transformed into tangible measures that will
change the way our economy develops and
reshape the landscape that can meet the serious challenges of sustainable development.
Accordingly, it is important to recognize that
the conventional approach to urban development planning, which is based on population
projection and then built-infrastructure, is unable to meet the challenges and needs of the

ecological and sustainable urban development,
and certainly unable to meet the goal of ecological civilization. It is in this situation, that the
negative approach is proposed. Using the analogy of photography in describing the ﬁlm and
picture, the term “negative” is used to describe
the urban development model being negatively en-framed by Ecological Infrastructure, not
the other way around. To say it in the other
way, the EI is positively deﬁning the urban form
and growth pattern. Conventionally, landscape and green elements such as Greenbelt
and Greenheart are usually negatively deﬁned
by architectural and built infrastructure. By
positively deﬁning the EI for the sake of Natural Capital and cultural integrity of the land,
the urban growth pattern and urban form are
negatively deﬁned. The negative approach and
especially the concept of Ecological Infrastructure build a bridge between landscape urbanism, the disciplines of ecology and especially
landscape ecology, the notion of Natural Capital and ecosystems services, and sustainable
development. It is a bridge between smart
growth and smart conservation.

ENDNOTES
1 This paper was originally presented at the 44th ISOCARP Congress in
2008 held in Dalian, China.
2 A Chinese philosophical system of harmonizing everyone with the
surrounding environment (see: http://en.wikipedia.org/wiki/Feng_shui
for more information.)
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to one day have an urban farm, not least to

ANTHONY SORRENTINO

combine her love of cities, delicious food and

Mr. Sorrentino is the

gardening.

Executive Director, Ofﬁce
of the Executive Vice
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egy for its neighborhood initiatives and campus
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ment, infrastructure planning, political economy,
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modeling.

ity. He was Director, Marketing and Communica-
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itions at Asian Institute of Technology, Bangkok,
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Curtin University, Australia, Dartmouth College,
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USA, Northeastern University, USA, Lulea Tech-
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nical University, Sweden, and Lahore University of
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Management Sciences, Pakistan. He has worked as
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a consultant, among other organizations, with UN-
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ESCAP, UNDP, Asian Development Bank, World
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and McKinsey & Company. He has recently found-
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ed an eminent consulting group named Systems
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Innovation Practice that is hosted by Isee Systems.
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currently chairs the Jay Wright Forrester Award

Mr. Sorrentino regularly presents and publishes

Committee. He is a past President of System Dy-

on the role of universities as “anchor institutions”
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Mr. Sorrentino holds a Masters in City Planning,
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Chongqing, Zhuhai, Xiamen and Jinan. He
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a Bachelor of Arts from La Salle University.

of Climate Change> by Peter Calthorpe in 2012.
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Zhigao Wang is a Program

from Sun Yat-sen University in urban planning.
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honored career in urban
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and suburban growth, Calthorpe was awarded

scale can be adapted throughout the globe. His
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the 2014 publication - TOD in China with Baojun

new thinking in environmental design and helped

Yang and Quan Zhang.
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TAO YANG
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YANG Tao, qualiﬁed as
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registered urban planner in
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China, is a senior consultant
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of Space Syntax Limited, a
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Center at Ministry of Housing and Urban-rural

revitalization and suburban renewal into a coher-
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three time winner of the “Landscape of the Year”

Secretary General of the Eco-City Research

Award in the World Architecture Festival in 2009,

Council of CSUS. Dr Li specializes in eco-city
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publications include The Beautiful Big Foot,
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of Survival. Through his works, Yu tries to
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Society of China, China Society of Cultural Relics

Commission on Legal Empowerment of the Poor.

and China Society for Urban Studies; He is
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deputy-chief-editor of Landscape Architecture
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of Landscape of Ministry of Housing and Urban
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international development
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SHI NAN
As ISOCARP VP Publications, Dr Shi Nan is the ﬁrst responsible EXCO member in the area of producing and
distributing ISOCARP publications in different formats.
He has been the editor for Review 07 to 10. At home
he is the Secretary General of the Urban Planning Society of China. His voluntary roles include Vice Director for 3 national commissions on planning education,
professors at universities including Renmin University
of China, Harbin Institute of Technology, etc.
A productive author in China, Dr Shi Nan’s monthly column for the respected academic journal CITY
PLANNING REVIEW, of which he is the chief editor, is
the most popular planning literature in China. Focused
on policy analysis and city comprehensive planning,
Dr. Shi Nan’s 32-year professional background includes Senior Planner at China Academy of Urban
Planning & Design, advisory services to Madrid, Moscow, Sao Paulo, Beijing, Shanghai, Guangzhou, Nanjing and other Chinese Cities.
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than 40 years, including stints with medical publish-

ro Systems in Washington, DC and Baltimore, MD.
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associated with change.
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land consumption, population, and jobs.
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